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abstract; 


The  uptake  of  four  radionuclides  (sr-H&,  Ku-iOtt,  Cs-137,  and  Ce-144) 
was  measured  for  four  plants  (wheat,  tomatoes,  corn  and  potatoes)  grown 
in  four  different  soil  types  (sandy  loam,  sandy  clay  loam,  silty  clay 
and  clay).  Plants  were  grown  in  large  soil  containers  that  allowed  most 
of  the  root  system  to  develop  under  normal  field  conditions.  Plant  uptake 
contamination  factors  (a  )  were  calculated  for  each  sample  harvested. 
Comparisons  of  the  uptake  for  various  plant  part-soll-radionuclide  combi¬ 
nations  at  crop  maturity  showed  that  the  a  values  for  Sr-85  were  the 

3U 

largest  in  all  Instances,  usually  by  an  order  of  magnitude.  The  a 

values  for  the  edible  portion  of  each  plant  were  lowest  in  every  case, 

and  usually  the  leafy  portions  of  the  plantB  had  the  largest  a  value. 

oU 

Additional  experiments  included  measurements  of  changes  in  radionuclide 
uptake  caused  by  available  calcium  levels,  growing  crops  in  large  fields, 
and  contaminant  form  and  solubility. 
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SUMMARY 


This  report  describes  the  results  of  experiments  conducted  for  the 
purposes  of  evaluating  the  uptake  of  selected  fission  product  radio¬ 
nuclides  through  their  root  systems ,  and  for  evaluating  the  dependence 
of  the  contamination  factors  on  such  parameters  as  plant  type,  soil  type, 
plant  age,  soil  nutrients,  and  fallout  solubility.  It  was  also  necessary 
to  correlate  the  measured  plant  uptake  contamination  factors  with  soil 
characteristics  for  subsequent  application  in  mathematical  root  uptake 
contamination  models. 

The  approach  taken  followed  earlier  work  in  which  plants  were  grown 
in  large  containers  under  conditions  designed  to  reproduce,  as  closely 
as  possible,  the  growth  of  food  crops  under  actual  field  conditions.  In 
addition,  during  the  current  work,  a  limited  number  of  field  tests  were 
conducted  to  test  the  hypothesis  that  the  large  containers  used  provided 
a  realistic  simulation  of  an  actual  environment.  Primary  consideration 
was  given  to  the  study  of  radlostrontium  with  crops  also  grown  in  Cs-137, 
Ru-106,  and  Ce-144  soil  containers  which  were  available  from  previous 
experiments.  The  farmland  plots  were  contaminated  only  with  radio¬ 
strontium.  Test  soils  included  sand,  loam,  and  clay  soils  from  previous 
work  and  two  additional  soils  representing  widely  distributed  California 
agricultural  soils.  The  crops  studied  were  wheat,  tomatoes,  corn,  and 
potatoes. 

Sampling  started  as  soon  as  the  plants  sprouted  and  continued  at 

frequent  Intervals  depending  on  growth  characteristics  of  the  plant. 

Plant  uptake  contamination  factors  (a  )  were  calculated  for  each  of  the 
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samples  harvested.  Comparisons  of  the  uptake  for  various  plant  part- 

soil-radionuclide  combinations  at  crop  maturity  showed  that  the  a 

values  for  Sr-85  were  the  largest  In  all  Instances,  usually  by  an  order 

of  magnitude.  The  a  values  for  Cs-137,  Ru-106,  and  Ce-144  showed  no 
su 

consistent  pattern  and  were  distributed  randomly  high  and  low  among  the 

plant  part-soil  combinations.  The  a  values  for  the  edible  portion  of 

SU 

each  plant  were  lowest  in  every  case,  and  usually  the  leafy  portion  of 

the  plants  had  the  largest  a  value.  These  general  observations  support 
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and  extend  the  results  of  previous  experiments. 

Only  limited  data  were  available  for  evaluating  the  effects  of  avail¬ 
able  calcium  on  radionuclide  uptake  but,  taken  with  the  results  of 
previous  work,  supported  the  postulated  decrease  in  uptake  in  a  manner 
approximately  inversely  proportional  to  the  exchangeable  calcium  concen¬ 
tration  in  the  soil.  These  results  again  emphasized  the  generally  lower 
uptake  values  observed  in  the  work  as  compared  to  literature  values.  The 
lower  values  in  these  experiments  have  been  attributed  to  the  growing  of 
crops  in  large  containers,  as  opposed  to  values  based  on  literature  data 
which  are  reported  for  experiments  using  small  pot  containers.  The  large 
soil  containers  allowed  the  plant  root  systems  to  develop  in  a  manner 
closer  to  field  conditions. 

To  test  this  assumption  further  some  field  studies  were  conducted  in 
which  crops  were  grown  on  .  all  test  plots  at  two  different  field  loca¬ 
tions.  The  data  were  not  extensive  enough  to  confirm  the  validity  of  the 
large  container  approach  but  were  in  sufficiently  good  agreement  to  sup¬ 
port  the  continuing  application  of  the  large  container  data  to  estimations 
of  postattack  food  contamination  levels.  As  part,  of  the  field  studies, 
a  limited  number  of  additional  experiments  were  conducted  to  compare 

measured  a  values  for  various  methods  of  mixing  the  contaminant  with 
ou 

the  soil  and  also  to  compare  the  results  obtained  by  applying  the  con¬ 
taminant  in  normal  particle  form  and  also  as  a  solution.  In  all  cases 
no  significant  differences  were  found. 
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By  far  the  largest  changes  In  a  values  were  produced  when  the 
availability  Mdinniini ides  for  uptake  was  reduced  by  thermal  pre¬ 

treatment  of  the  fallout  simulant.  The  results  verified  the  previous 
reductions  in  a  values  for  wheat  by  as  much  ub  a  factor  of  10.  In  the 

su 

present  work  the  observations  were  extended  to  include  the  three  addi¬ 
tional  crops  of  tomatoes,  corn,  and  potatoes  and  similar  reductions  in 

a  values  wore  found. 
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INTRODUCTION 


Evaluation  of  the  biological  consequences  from  ingesting  radio¬ 
nuclides  in  foods  depends  first  on  a  knowledge  of  the  paths  by  which 
radionuclides  enter  the  food  chains  and  second  on  the  availability  of 
information  about  the  uptake  or  assimilation  processes.  The  two  major 
paths  of  entry  into  food  chains  of  plants  are:  (l)  foliar  contamination 
by  deposited  fallout  particles  followed  by  foliar  adsorption  of  soluble 
radionuclides,  and  (2)  uptake  of  radioelements  by  the  plants  through 
root  assimilation.  In  both  paths,  the  biological  availability  of  a 
given  radioelement  for  uptake  depends  on  its  solubility  in  the  aqueous 
media  that  is  in  contact  with  the  plant  tissues  since  transfer  across 
plant  membranes  generally  requires  an  ionic  form. 

The  dependence  of  nuclide  solubility  on  the  conditions  of  fallout 
formation  and  the  methods  for  relating  plant  contamination  to  gross  fall¬ 
out  deposition  levels  are  discussed  in  Reference  lj  these  fallout 
properties  and  the  related  solubility  behavior  of  all  the  fission  product 
radioelements  are  described  in  terras  of  a  set  of  contour  ratios  that  are 
defined  as  the  ratio  of  the  surface  density  of  some  property  of  fallout 
to  the  standard  intensity  in  roentgens  per  hour  at  one  hour.  Use  of  the 
standard  intensity  as  derived  from  fallout  models — or  from  postattack 
monitoring  data — would  serve  as  input  data  for  a  systematic  method  of 
estimating  or  predicting  the  relative  amount  of  each  radioelement  in  the 
fallout  that  various  food  crops  would  assimilate. 

The  radiological  hazard  to  humans  and  animals  from  food  contaminated 
by  fallout  from  a  set  of  hypothetical  nuclear  attacks  on  the  continental 
United  States  was  evaluated  in  a  study  conducted  for  the  Office  of  Civil 


1 


Defense,  Department  of  Defense,*  using  a  series  of  computational 
models. 3,4,s'8  The  conclusions  of  the  study  were  derived  from  analyses 
<->f  Auni l nhl a  data  on  direct  plant-foliar  contamination,  the  initial 
contamination  of  drinking  water  sources,  and  the  uptake  by  plants  through 
their  root  systems. 

Analyses  of  available  plant  uptake  data7  indicated  that  additional 
experiments  were  needed  to  provide  root  uptake  contamination  factors  for 
many  plants,  fission  product  radionuclides,  soil  types,  and  plant  age 
combinations.  Experimental  verification  of  these  plant  uptake  contamina¬ 
tion  factors  is  needed  to  provide  an  improved  technical  basis  for  estab¬ 
lishing  requirements  for  long  term  postattack  countermeasures  and  for 
planning  future  postattack  research  program  needs  on  the  internal  contam¬ 
ination  problem  and  on  the  cycling  of  radionuclides  in  the  food  chain. 

Background 

During  the  past  two  years,  research  efforts8  were  initiated  to  obtain 
the  required  plant  uptake  data.  This  research  included  the  establishment 
of  experimental  facilities  at  the  U. S.  Naval  Radiological  Defense 
Laboratory  Test  Station  (Camp  Parks,  Pleasanton,  California)  for  growing 
plants  in  soil  containing  radionuclides  and  conducting  full  scale  experi¬ 
ments  to  obtain  plant  uptake  contamination  factors  of  five  radionuclides 
(Sr-85,»  Zr-95,  Ru-106,  Cs-137,  and  Ce-144 )  for  seven  crops  (wheat,  beans, 
tomatoes,  lettuce,  carrots,  clover,  and  radishes)  grown  in  three  different 
soil  types  (sand,  loam,  and  clay). 

Plants  were  grown  in  large  soil  containers  that  allowed  most  of  the 
root  system  to  develop  as  it  would  under  normal  field  conditions.  Sam¬ 
pling  started  as  soon  as  the  plants  sprouted  and  continued  at  frequent 


*  Used  as  a  tracer  for  fission  product  Sr-90. 
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intervals  depending  upon  growth  characteristics  of  the  plant.  Plant 
uptake  contamination  factors  were  calculated  for  each  of  the  harvested 
samples. 

Comparisons  of  the  contamination  factors  for  the  various  combinations 
of  plant  parts,  soils,  and  radionuclides  showed  that,  at  crop  maturity, 
the  contamination  factors  for  radiostrontium  were  usually  an  order  of 
magnitude  larger  than  for  the  other  radionuclides  tested.  The  values  of 
the  contamination  factors  for  Cs-137,  Ru-106,  Zr-95  and  Ce-144  were 
approximately  equal  with  the  highest  and  lowest  values  distributed  ran¬ 
domly  among  the  tested  plant  part  and  soil  combinations.  For  all  radio¬ 
nuclides,  values  of  the  contamination  factors  for  the  edible  portion  of 
each  plant  were  lowest. 

Analysis  and  correlation  of  the  measured  plant  uptake  contamination 
factors  revealed  that  the  concentration  of  radionuclides  in  plant  parts 
and  the  concentration  of  available  calcium  in  the  test  soils  were  related 
as  predicted  by  a  mathematical  model  which  took  the  form 


a 
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where  a 


o 

SU 


and  m  are  empirical  constants  and 


is  a  measure  of  the  calcium  concentration  in  the  soil.  Constants  for  the 

equation  were  derived  far  each  plant  part-soil-radionuclide  combination, 

and  the  derived  a  values  were  found  to  be  in  disagreement  with  those 
SU 

reported  in  Reference  7.  It  was  noted,  however,  that  the  literature 
values  reported  in  Reference  7  were  computed  on  the  basis  of  experiments 
in  which  plants  had  been  grown  in  small  containers  where  the  root  systems 
were  contained  in  contaminated  soil  throughout  the  growth  period.  This 
situation  was  avoided  in  the  current  series  of  experiments  by  growing 
plants  in  large  soil  containers,  with  a  "plow  layer"  of  contaminated  soil, 
which  allowed  the  root  system  to  develop  beyond  this  layer.  As  a  result 
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of  this  more  realistic  simulation,  the  derived  a  values  were  lower, 
some  by  a  factor  of  10,  than  those  measured  for  plants  grown  in  small 
containers . 

The  analysis  of  the  data  indicated  that  further  experiments  should 
be  conducted  to  measure  additional  plant-soil-radionucllde  combinations 
and  to  supplement  the  experiments  using  a  soil  with  a  high  calcium  con¬ 
tent.  The  extension  of  the  work  to  field  experiments  Involving  the 
actual  contamination  of  farmland,  followed  by  normal  cultivation  practices! 
waB  also  recommended  for  the  purpose  of  verifying  the  uptake  factors 
obtained  in  the  large  size  containers. 

Theory 

Major  factors  that  Influence  the  uptake  of  radionuclides  by  plants 
through  their  root  systems  are: 

1.  Physicochemical  properties  of  the  ions  of  the  radioelement 

2.  Plant  species 

3.  Soil  type  and  physical-chemical  characteristics 

4.  Soil  management  practices 

Assimilation  of  nutrients  or  inorganic  ions  by  roots  of  plants 
usually  involves  soluble,  exchangeable  ions  in  the  native  soil.  When 
foreign  ions,  for  example,  from  a  mineral  fertilizer  are  introduced  into 
the  soil,  they  compete  with  and  replace  the  native  soil  ions  on  available 
exchange  sites  in  the  soil.  In  some  reactions  with  the  soil,  the  new 
ions  become  non-exchangeable  and,  to  the  extent  that  these  reactions 
occur  in  a  soil,  some  portion  of  the  new  ion  becomes  unavailable  for 
uptake.  Thus,  in  the  case  of  fallout  particles,  it  would  be  expected 
that  the  types  of  interactions  between  soluble  radionuclides  and  soil 
constituents  would  determine  the  availability  of  the  radionuclides  for 
uptake  from  the  soil. 
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Soil  management  practices  include  the  addition  of  organic  matter, 
mineral  fertilizers,  and  amendments  (such  as  lime)  to  the  soil,  plus 

various  cultivation  techniques.  These  practices  influence  the  chemical 

composition  of  the  plant. 


Since  the  availability  of  a  given  radioelement  for  uptake  from  soil 
is  generally  related  to  the  concentration  of  the  exchangeable  portion  of 
the  radioelement  In  soil,  the  foliage  or  plant  part  contamination  factor 
Is  conveniently  deflnod  in  terms  of  its  concentration  in  soil.  Thus,  the 
plant  part  soil  uptake  contour  ratio,  UN® ,  as  given  in  Reference  5,  is 


K  “  N?(1-aLWL>  QSUWp/pD 


atoms  per  plant  part 
square  foot  of  soil  area 


(1) 


in  which 


is  the  number  of  soluble  atoms  per  square  foot  of  "open  field" 

area  of  the  ith  nuclide  corrected  to  detonation  time , 

a  is  the  plant  uptake  contamination  factor,  in  atoms  of  ith 
SU 

nuclide  in  plant  part  (atoms  per  gram  of  dry  plant  part) 
divided  by  the  atoms  of  ith  nuclide  in  soil  (atoms  per  gram 
of  soil) , 


w  is  the  surface  density  of  the  plant  part  ,  in  grams  of  dry 
P 

plant  part  per  square  foot  of  soil  area, 

a  is  the  foliage  contamination  factor  in  atoms  per  gram  of  dry 

X. 

foliage  divided  by  the  number  of  atoms  per  square  foot  of  soil 
area , 


w  is  the  foliage  surface  density  in  grams  of  dry  foliage  per 
L 

square  foot  of  soil  area, 


p  is  the  bulk  density  of  the  soil,  in  grams  per  cubic  foot, 
and 

D  is  the  depth  of  plowing  in  feet. 


The  term  (1-a  w  )  is 
L  L 

soil;  on  bare  soil,  w  Is 

L 


the  fraction  of  that  is  deposited  on  the 

zero.  The  surface  deposit  density,  (1-a  w  )N° 

L  L  i 
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divided  by  0  gives  the  effective  concentration  ui  fne  auluule  radionuclide 
per  gram  of  soil.  The  fraction  of  a  radionuclide  taken  up  by  a  plant 

part  is  given  by  a  w  /pD. 

SU  p 

The  plant  uptake  contamination  factor,  a  ,  depends  on  the  various 

SU 

chemical  equilibrium  and  exchange  processes  among  the  soil  minerals, 

roots,  and  plant  tissues.  These  experiments  were  concerned  with  the 

measurements  of  a  . 

SU 

Object iveB 

The  objectives  of  this  study  were  to; 

1.  Measure  experimentally  the  uptake  of  fission  product  radionuclides 
by  plants  through  their  root  systems  and  to  evaluate  the  depend¬ 
ence  of  the  contamination  factors  on  such  parameters  as  plant 
type,  soil  type,  plant  age,  soil  nutrients,  and  fallout 
solubility. 

2.  Correlate  the  measured  plant  uptake  contamination  factors  with 
radionuclide  soil  characteristics  for  application  in  mathematical 
root  uptake  contamination  models. 

Approach 

The  physical  properties  of  particle  size  and  deposited  mass  level 
for  the  simulant  were  determined  from  the  fallout  models  developed  by 
Miller.1  These  models  provide  a  means  of  estimating  fallout  particle 
size  and  deposited  mass  levels  as  functions  of  weapon  yielt^  dose  rate, 
and  downwind  distance.  Clark  has  presented  these  relationships  in  a 
form  readily  applicable  for  use  in  the  design  of  realistic  experiments 
using  fallout  simulants.9  For  the  present  experiment,  a  deposited  mass 
level  of  24  grams  per  square  foot  and  a  particle  size  range  of  88  to  177 
microns  were  chosen.  These  values  have  been  calculated  for  a  fallout 
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deposit  that  weuld  be  expected  on  mi  lea  downwind  from  a  14  MT  land  sur¬ 
face  detonation.  The  experimental  procedures  were  designed  to  reproduce, 
as  closely  as  possible,  the  growth  of  food  crops  under  actual  field  con¬ 
ditions.  in  this  experiment,  as  in  previous  work,  the  selected  crops 
were  planted  in  cubic  yard  soil  containers.  Crops  were  also  planted  in 
plots  of  contaminated  farmland  and  grown  under  actual  field  conditions 
to  test  the  hypothesis  that  the  larg^  containers  provide  realistic 
simulation  of  an  actual  field  environment. 

In  the  present  experiment,  primary  consideration  was  given  to  the 
study  of  radiostrontium,  the  importance  of  which  was  demonstrated  in  the 
previous  work,  where  agu  values  were  usually  an  order  of  magnitude 
greater  than  those  obtained  for  other  radionuclides.  Crops  were  also 
grown  in  the  Cs-137,  Ru-106,  and  Ce-144  soil  containers  which  were  avail¬ 
able  from  the  previous  experiment.  The  farmland  plots  were  contaminated 
only  with  radiostrontium. 

Additional  testB  were  conducted  with  thermally  treated  synthetic 
fallout  since  previous  work  had  indicated  that  such  treatment  resulted 
in  a  reduced  uptake  of  radlostrontlum. 

The  three  soils  (sand,  loam,  and  clay)  were  used  again,  along  with 
two  widely  distributed  agricultural  soils  in  California.  The  two  new 
soils,  a  Hanford  sandy  clay  loam  and  a  Yolo  loam,  were  obtained  from 
University  of  California  field  test  stations.  A  few  tests  were  conducted 
with  soil  from  the  Camp  Parks  area.  Test  soils  with  a  range  of  calcium 
concentrations  were  prepared  by  adding  gypsum  to  Hanford  sandy  clay  loam. 
Crops  studied  in  this  experiment  included  wheat  and  tomatoes  which  were 
included  in  the  previous  experiment  and  two  additional  crops  (corn  and 
potatoes  which  are  important  food  \n  the  U.S.  diet). 

Table  1  outlines  the  crops,  radionuclides,  and  soils  studied. 

Details  of  the  experimental  approach  and  experimental  procedures  are 
further  described  in  the  following  section. 
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Table  1 


EXPERIMENTAL  OUTLINE 


Crops 


Family 

Common 

Name 

Plant  Parts 

Gramineae 

Wheat 

Shoot , 

stalks,  leaves,  heads, 

grain,4  chaff 

Solanaceae 

Tomato 

Roots, 

stems,  leaves,  flower, 

fruit,  peel. 

meat 

Gramineae 

Corn 

Shoot , 

stalks,  leaves,  grain 

Solanaceae 

Potato 

Roots, 

stalks,  leaves,  tuber, 

peel,  meat 

Radionuclides 

Isotope 

Half-Life 

Sr-85 

54  days 

Cs-137 

30  years 

Ru-106 

1.06  years 

Ce-144 

285  days 

Soil  Types 

Oakley  sandy  loam 
Hanford  sandy  clay  loam 
Yolo  silty  clay 
Pleasanton  loam 
Clear  Lake  clay 
Camp  Parks  clay 


*  Plant  part  underlined  indicates  the  primary  part  from  the  standpoint 
of  human  ingestion. 


8 


EXPERIMENTAL  PROCEDURES 


Through  the  auspices  of  the  sponsoring  agency,  the  Office  of  Civil 
Defense,  the  U.S.  Naval  Radiologioal  Defense  Laboratory  (USNRDL)  made 
available  its  test  facilities  located  ut  Camp  Parks,  near  Pleasanton, 
California.  These  facilities  include  hot-cells  for  handling  curie  amounts 
of  radioisotopes,  and  large  land  areas  with  controlled  access.  In  addi¬ 
tion,  the  University  of  California  made  available  a  plot  of  farmland  at 
their  Kearney  Horticultural  Field  Station,  Reedley,  California,  for  the 
growing  of  crops  under  open  field  conditions. 

Growing  Facility 

A  100  x  100-foot  paved  test  area,  enclosed  with  an  eight-foot  high 
solid  board  fence  served  as  a  growing  faoility  for  the  root-uptake 
experiment.  Electrical  power,  water,  and  lights  were  conveniently 
located  within  the  area.  A  covered  work  space  for  plant  handling  and 
soil  processing  filled  the  west  side.  Laboratory  bench  tops  and  a  sink 
that  drained  to  a  large  stainless  steel  holding  tank  were  provided  for 
processing  harvested  plants.  A  large  oven  for  drying  the  plants  was 
located  in  the  work  area. 

Climatological  measurements  in  the  plant  growing  facility  during  the 
experiment  included:  (l)  a  continuous  recording  of  the  temperature  and 
humidity  with  a  U.S.  Weather  Bureau  recording  hydrothermograph  exposed 
in  a  standard  instrument  shelter,  and  (2)  a  measure  of  precipitation 
with  a  standard  U.S,  Weather  Bureau  rain  and  snow  gauge. 

The  recorded  rainfall,  maximum  and  minimum  temperatures,  and 
relative  humidity  over  the  time  span  of  the  experiment  are  summarized 
In  Table  2. 
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Table 
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Redwood  boxes,  three  feet  on  a  side  (soil  surface  area  of  7.3  square 
feet)  served  as  soil  containers.  Each  box  contained  about  one  cubic  yard 
of  soil  and  the  three-foot  depth  allowed  the  root  system  of  most  of  the 
crops  to  develop  in  a  manner  aimilar  to  th“+  ovj“?ot«ri  nnH»r  normal  field 
conditions  (at  least  during  the  seedlings'  early  growth  stages).  The 
arrangement  of  the  boxes  within  the  test  facility  is  shown  by  Figure  1. 

Four  factors  determined  the  box  arrangement:  (l)  boxes  containing  the 
same  radionuclide  were  kept  together  to  prevent  cross  contamination  among 
different  radionuclides;  (2)  similar  crops  within  each  row  were  placed 
adjacent  to  each  other  to  facilitate  planting  and  maintenance;  (3)  a 
10-foot  aisle  between  rows  was  provided  for  moving  boxes  with  a  fork 
lift;  and  (4)  boxes  were  placed  to  minimize  the  effect  of  the  shadow 
line  of  fences. 

Polyethylene  sheeting  lined  the  inside  of  each  box,  except  the  bottom, 
to  prevent  evaporation  through  the  seams  in  the  sides  of  the  box.  A 
4-inch  layer  of  pea  gravel  in  the  bottom  of  the  boxes  facilitated  drainage 
of  excess  irrigation  water.  Galvanized  trays  were  positioned  beneath 
each  box  to  catch  this  water. 

Field  Plots 

Extension  of  the  experiments  to  growing  crops  in  contaminated  plots 
of  farmland  was  carried  out  at  two  locations,  Camp  Parks  and  the  University 
of  California  Kearney  Horticultural  Field  Station,  Reedley,  California. 

At  both  locations,  the  land  areas  were  enclosed  by  a  6-foot  high  exclusion 
fence. 

The  layout  of  the  farmland  area  utilized  at  the  Kearney  Horticultural 
Field  Station  is  given  in  Figure  2.  Four  25'  x  45'  plots  were  constructed. 
Each  plot  was  surrounded  by  a  one  foot  high  berm  and  a  15'  x  25'  area 
inside  the  berm  was  contaminated  with  the  Sr-85  fallout  simulant.  At  Camp 
Parks,  a  single  25'  x  45'  plot  was  utilized. 
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WORK  AREA 


SOIL  CODE 

i.  -  OAKLEY  SANT"'  LOAM 

1.  -  PLEASANTON  LOAM 

£  -  CLEAR  LAKE  CLAY 

Ji  -  HANFORD  SANDY  CLAY  LOAM 

Y  -  YOLO  LOAM 

CP  -  CAMP  PARKS  CLAY 


CROP  CODE 

W  -  WHEAT 
T  -  TOMATOES 
P  -  POTATOES 
C  -  CORN 


FIGURE  1  LAYOUT  OF  SOIL  CONTAINERS  IN  PLANT  GROWING  FACILITY 


Barm  around  each  plot  and  around  fence 

170' 


Fence  6'  high. 

2"x4"  welded  wire  mesh. 


(  v —  1 0'  doub.e  gate. 
N'"'~2  H.P.  cant,  pump 


2"  PVC  irrigation  line.  Each  water  tap  to  have  air 
gap  to  prevent  siphon  re-entry  of  water.  See  note. 


A  Plot  -  Tomato,  soluble  Sr-B5 
B  Plot  -  Wheat,  soluble  Sr-85 


C  Plot  -  Tomato,  simulant  Sr-85 
D  Plot  -  Wheat,  simulant  Sr-85 


fOTfl© 


PLOT  DETAIL 


j  SCALE  3/4"  =  10' 


Sr-85  area 


TYPICAL  TOMATO  PLANTING  DETAIL 
NOT  TO  SCALE  ^ 


NOTE:  Tomato  ond  wheat  plot 
dimensions  are  the  same.  Wheat 
plot  irrigation  is  by  flooding. 


r/?l 


FIGURE  2  Sr-85  UPTAKE  EXPERIMENT  AT  KEARNY  HORTICULTURAL  FIELD 

STATION,  RFEDLEY,  CALIFORNIA 


Soils 


Soils  selected  fnr'  thi“  oi-nHy  inrinripri  the  three  test  soils  used  in 
the  previous  plant  uptake  experiment8  and  two  additional  soils  repre¬ 
sentative  of  agricultural  soils  found  in  California.  The  two  additional 
soils,  a  Hanford  sandy  clay  loam  and  a  Yolo  loam,  were  obtained  from 
University  of  California  field  test  stations. 

Sufficient  stocks  of  the  previously  used  soils  were  on  hand  at  Camp 
Parks,  and  sixty  tons  of  each  of  the  new  soils  were  provided  by  random 
shoveling  the  top  8  inches  from  the  surface  at  each  site  and  trucking  it 
to  the  plant  growing  facility. 

Each  redwood  box  was  filled  with  a  selected  soil  to  within  10  inches 
of  the  top.  Four  hundred  and  fifty  pounds  of  the  same  soil  was  then  bar¬ 
reled  and  reserved  for  later  addition  as  an  8-inch  plow  layer  of  radio¬ 
active  soil.  The  soil  was  tamped  and  moistened  during  the  filling  proc¬ 
ess  to  approximate  its  original  field  compactness. 

Table  3  lists  a  description  of  the  test  soils  and  where  each  was 
obtained.  Samples  of  each  soil  were  sent  to  commercial  soil  testing 
laboratories  for  chemical  analysis.  Tables  4  and  5  list  the  results  of 
these  analyses. 

Radionuclides 

Strontium-90,  because  of  its  relatively  long  half-life  of  28  years 
and  its  appreciable  yield  in  the  fission  process,  accounts  for  a  consider¬ 
able  fraction  of  the  total  activity  of  fission  products  that  are  several 
years  old.  Strontium  and  calcium  are  divalent  alkaline  earth  elements, 
and  since  calcium  is  essential  to  plant  life,  strontium  competes  with  it 
for  entry  into  the  root  system  of  plants.  Not  all  calcium  in  soil  is 
available  for  uptake  through  the  root  system  because  some  natural  calcium 
compounds  in  soil  are  insoluble  and  are  not  available  as  plant  food  until 
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DESCRIPTION  OF  TEST  SOILS 
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As  described  by  U.S.  Survey  Textural  Classification  Triangle. 

Analysis  performed  by  Nelson  Laboratories,  1145  West  Fremont  Street,  Stockton,  California. 
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SPEC TROGRAPH IC  ANALYSIS  OF  TEST  SOILS* 
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Analysis  performed  by  American  Spectrographic  Laboratories,  Inc., 
Francisco,  California. 


they  have  been  converted  into  soluble  compounds.  For  this  reason,  it 
is  desirable  to  relate  the  uptake  of  Sr-90  to  the  exchangeable  calcium 
content  of  soils.  It  was  assumed  that  plants  cannot  discriminate  among 
the  different  isotopes  of  a  chemical  element.  For  this  reason,  and 
because  of  the  desire  to  analyze  the  radioactivity  in  the  plant  samples 
by  means  of  counting  gamma  activity,  the  isotope  strontium-85  was  used 
as  a  tracer  for  the  radiostrontium  to  take  advantage  of  counting  the 
gamma  activity  of  its  0.51  mev  photon. 

Cesium-137  has  a  radioactive  half-life  of  30  years  and  is  of  par¬ 
ticular  interest  in  fallout  that  is  more  than  a  year  old  because  cesium 
is  the  principal  constituent  whose  radioactive  decay  is  accompanied  by 
the  emission  of  gamma  rays.  The  chemical  properties  of  cesium  resemble 
those  of  potassium,  another  essential  element  in  the  nutrition  of  plants. 

Fallout  Simulant 

Fallout  particles  from  a  land  surface  nuclear  explosion  consist  of 
fused,  sintered,  and  unaltered  grains  of  soil  minerals  and  other  materials 
present  at  the  point  of  detonation.  Analysis  of  fallout  particles  from 
surface  and  near-surface  detonations  at  weapons  tests  in  both  Eniwetok 
Proving  Ground  and  the  Nevada  Test  Site  have  shown  that  radioactive 
elements  are  located  within  th<*  interior  of  the  fused  and  sintered  par¬ 
ticles  and  deposited  on  the  surface  of  all  three  types  of  particles.1 

The  fallout  formation  process  consists  of  two  distinct  periods.  In 
the  first  period,  the  condensation  of  volatile  radioelements  occurs  by 
deposition  onto  and  diffusion  into  large  molten  (soil)  particles  and  by 
agglomeration  of  smaller  particles.  The  radioelements  thus  condensed 
become  fused  within  the  volumes  of  the  molten  particles  when  they  cool 
and  solidify.  In  the  second  period,  the  remaining  volatile  radioelements 
condense  onto  the  surface  of  relatively  cool  or  solid  particles.  The  frac¬ 
tion  of  a  radioelement  that  condenses  during  the  second  period  of 
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formation  is  partially  soluble  and  therefore  potentially  available  for 
assimilation  in  plants.  Radionuclides  in  worldwide  fallout 
are  known  to  be  quite  soluble j  but  only  limited  data  exist  on  nuclide 
solubility  of  local  fallout.  Because  of  the  general  lack  of  reliable 
solubility  data  for  local  fallout,  approximate  methods  were  developed  for 
estimating  the  potential  solubility  of  the  various  radioelements  carried 
by  fallout  particles.  Studies  to  measure  solubility  and  thus  improve  the 
input  data  for  the  solubility  model  are  in  progress. l0' 11* ia 

The  basic  fallout  simulant  employed  In  this  study  consisted  of  radio¬ 
nuclides  adsorbed  on  the  surface  of  sized  mineral  particles.  The  adsorp¬ 
tion  process  simulates  the  second  period  of  the  fallout  formation  process, 
making  the  adsorbed  radionuclides  potentially  available  for  uptake.  The 
radionuclides  were  adsorbed  on  the  particles  from  carrier  solutions  con¬ 
taining  stable  atoms  of  the  major  fission  product  elements.  Sufficient 
activity  was  added  to  ensure  measurable  counting  rates  in  the  harvested 
plant  samples. 

Albite,  a  widely  distributed  variety  of  feldspar,  was  used  as  the 
mineral  matrix  on  which  the  strontium  was  adsorbed.  The  albite  was 
crushed,  pulverized,  and  sieved  to  obtain  particles  in  the  88-175  micron 
diameter  size  range.  Magnetic  separation  removed  the  ferrous  material 
that  was  Introduced  during  the  crushing  and  pulverizing  operation. 

The  Sr-85  for  this  experiment  was  produced  by  neutron  irradiation. 

A  total  of  0.073  grams  of  enriched  Sr(N03)a  was  purchased  from  Oak  Ridge 
National  Laboratory.  The  enrichment  in  Sr-84  was  given  as  83.3  percent 
of  total  strontium  and  on  this  basis  it  was  estimated  that  the  compound 
contained  1.77  x  10ao  atoms  of  Sr-84.  The  compound  was  sealed  in  a 
quartz  capsule  and  delivered  to  the  General  Electric  Company,  Vallecitos, 
California,  for  insertion  in  the  GETS.*  The  capsule  was  irradiated  in  a 

*  General  Electric  Te3t  Reactor. 
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neutron  flux  of  approximately  4  x  1014  neutrons  .cm“a  .sec-1  for  one 
cyclo  (one  month). 

The  quartz  vial  containing  the  strontium  nitrate  was  opened  in  the 
Camp  Parks  hot  cell,  dissolved  in  approximately  250  ml.  of  IN  HN03.  An 
aliquot  of  the  solution  was  assayed  in  the  4-pi  ionization  chamber  and 
gave  2.10  mc/ml  at  1000,  24  May  1967,  or  a  total  activity  of  approximately 
525  me  Srss.  Decayed  to  the  time  of  reactor  shut-down,  this  would  indi¬ 
cate  a  total  production  of  approximately  590  me. 

On  May  25,  1967,  the  solution  was  taken  to  dryness  and  then  taken 
up  in  200  ml.  of  IN  HCjfc.  An  assay  of  the  solution  gave  2.49  mc/ml  at 
1015  May  25,  1967,  or  a  total  of  499  me.  This  solution  was  used  for  the 
preparation  of  a  number  of  batches  of  synthetic  fallout  as  described  in 
the  following  paragraphs: 

1.  A  portion  of  sized  albite  of  about  2-5  kilograms  was  poured 
into  a  twin  shell  blender*  which  had  been  modified  to  include 
a  copper  tube  spray  nozzle  which  could  be  inserted  through  a 
hole  drilled  in  one  of  the  bearing  supports. 

2.  As  the  blender  rotated,  a  measured  aliquot  of  carrier  solution 
containing  one  of  the  nuclides  of  interest  was  transferred  by 
air  pressure  through  plastic  tubing  connected  to  the  spray 
nozzle.  The  transfer  lines  were  then  rinsed  with  two  aliquots 
of  wash  solution  which  were  also  sprayed  into  the  blender. 

3.  Following  thorough  mixing  of  the  liquid  and  mineral,  a  mild 
stream  of  warm  air  was  introduced  via  the  spray  nozzle.  The 
drying  operation  was  assisted  by  the  use  of  an  infra-red  heat 
lamp  directed  onto  the  surfaces  of  the  rotating  blender. 


*  Manufactured  by  Patterson  &  Kelley  Co.,  East  Stroudsburg,  Pennsylvania. 
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4.  After  drying,  175-gram  portions  of  the  fallout  simulant  were 
poured  into  tared  plastic  containers.  Between  portions,  a  small 
aliquot  of  about  1-2  grains  was  placed  in  test  tubes  for  later 
assay  in  a  gamma  ionization  chamber. 

5.  The  175-gram  lots  were  finally  placed  In  a  lead  shielded  container 
and  transferred  to  the  plant  growing  facility  for  mixing  with 

the  test  soils. 

One  exception  to  the  above  '  rocedure  consisted  of  a  relatively  large 
batch  of  simulant  which  was  prepared  for  the  field  plantings.  This  batoh 
was  prepared  in  a  small  concrete  mixer  which  had  been  modified  to  include 
a  cover  through  which  the  spray  nozzle  could  be  inserted.  Approximately 
32,000  grams  (70.5  pounds)  of  albite  were  placed  in  the  mixer  and  sprayed 
with  Sr88  solution  containing  approximately  133  me  total  activity.  Two 
100  ml.  rinses  were  added  and  the  mixture  was  tumbled  until  dry.  A  sum¬ 
mary  of  the  strontium  tagged  synthetic  fallout  data  is  presented  in 
Table  6  along  with  the  re-assay  values  for  the  previously  used  Ce-144, 
Hu-106,  and  Cs-137.  The  indicated  values  are  decay  corrected  to  the  date 
of  planting.  Table  6  also  Includes  assay  data  for  three  batches  of 
synthetic  fallout  which  had  been  heated  to  successively  higher  tempera¬ 
tures  of  880,  1027,  and  1071°C., 

Soil  Contamination 

Soluble  radioelements  from  fallout  contaminated  soil  are  made  avail¬ 
able  for  uptake  by  (l)  surface  penetration  with  rain  water  or  natural 
erosion  processes,  and  (2)  mechanical  mixing  into  the  soil  by  cultivation 
processes.  It  has  been  demonstrated13 * 14 ’ 18  that  fallout  particles 
deposited  on  open  land  areas  are  not  susceptible  to  any  large  degree  of 
redistribution  by  wind  and  rain  and,  aftor  several  years  of  weathering, 
still  are  retained  within  the  top  1/4  to  1/2  inch  of  surface  soil.  The 
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Table  6 


SUMMARY  0*  SYNTHETIC  FALLOUT  AND  CONTAMINATED  SOIL  ACTIVITY 


Radio¬ 

nuclide 

Soil  Type 

Plant ing 

Date 

Synthetic 
Fallout 
Activity  on 
Planting  Date 
(d/s/gm) 

Soil 

Activity 

(d/s/gm) 

Ce-144 

Oakley  Sandy  Loam 

April 

20 

5.39 

X 

105 

4.72 

X 

10a 

Pleasanton  Loam 

It 

4.81 

X 

10* 

Clear  Lake  Clay 

tl 

4.68 

X 

10* 

Ru-106 

Oakley  Sandy  Loam 

April 

20 

2.33 

X 

105 

2.06 

X 

10* 

Pleasanton  Loam 

ft 

2.10 

X 

10* 

Cs-137 

Oakley  Sandy  Loam 

April 

25 

2.07 

X 

106 

1.84 

X 

103 

Pleasanton  Loam 

tt 

1.86 

X 

103 

Clear  Lake  Clay 

H 

1.79 

X 

103 

Hanford  Sandy  Clay 

Loam  June 

14 

1.62 

X 

106 

1.42 

X 

103 

Sr- 85 

Oakley  Sandy  Loam 

June 

2 

4.56 

X 

105 

4.01 

X 

10* 

Yolo  Silty  Clay 

June 

14 

3.56 

X 

10s 

3.27 

X 

10* 

Camp  Parks  Clay 

June 

19 

3.32 

X 

105 

3.00 

X 

10* 

Hanford  Sandy  Clay 

Loam  June 

2 

5.09 

X 

105 

4.47 

X 

10* 

Hanford  Loam  +  Ca 

June 

5 

3.50 

X 

10s 

3.08 

X 

10* 

Hanford  Loam  +  Tl* 

June 

14 

4.14 

X 

105 

3.60 

X 

10® 

Hanford  Loam  +  T2 

June 

14 

4.29 

X 

10s 

3.73 

X 

10* 

Hanford  Loam  +  T3 

June 

14 

4.29 

X 

10s 

3.73 

X 

10* 

Camp  Parks  Field 

June 

19 

1.51 

X 

10s 

1.81 

X 

10* 

Hanford  at  Reed ley 

June 

28 

1,31 

X 

10s 

1.15 

X 

10* 

*  Tl,  T2,  and  T3  indicate  three  temperature  levels  (880°, v 1027°,  and 
1071 °C )  to  which  synthetic  fallout  was  heated  before  mixing  in  soil. 
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soluble  rad ioelements  that  leach  from  depoeited  fallout  particles  from 
either  local  or  world-wide  fallout,  penetrate  no  more  than  2  to  3  Inches, 
even  after  eight  years.1*  Mixing  the  fallout  with  the  soil  to  the  depth 
of  cultivation  is,  therefore,  the  principal  method  by  which  rad ioelements 
from  fallout  would  penetrate  into  the  seed-bed. 

As  plowing  is  probably  the  most  extensive  form  of  cultivation,  many 
experiments  have  been  directed  to  a  study  of  the  effectiveness  of  various 
depths  of  plowing  in  reducing  surface  fallout  levels.  In  most  cases, 
little  advantage  was  found  for  plowing  to  a  depth  greater  than  6  to 
8  inches.  To  simulate  the  mixing  of  fallout  particles  to  this  depth  of 
cultivation,  the  fallout  simulants  prepared  in  this  experiment  were 
thoroughly  mixed  with  the  top  eight-inch  layer  of  soil  in  each  container. 
This  was  accomplished  by  placing  450  pounds  of  a  particular  Boll  type 
into  a  modified  concrete  mixer  and  adding  175  grams  of  tagged  particles 
(synthetic  fallout).  Twenty  minutes  of  mixing  was  adequate  to  thoroughly 
blend  the  tagged  particles  with  the  soil.  The  contaminated  soil  was  then 
dumped  into  hoppers  and  transferred  to  a  partially  filled  soil  Vox  where 
it  was  tamped  into  place  to  simulate  an  8-inch  depth  of  cultivation  or 
plow-laver.  Table  7  summarizes  the  fallout  simulant  batches  and  lists 
the  number  of  contaminated  growing  boxes  which  were  prepared. 

In  addition  to  the  naturally  occurring  exchangeable  calcium  in  the 
native  soils,  higher  calcium  concentrations  were  obtained  by  adding  an 
agricultural  gypsum*  to  the  plow-layer  (450  pounds)  of  Hanford  sandy  clay 
loam.  The  measured  exchangeable  calcium  content  of  3.45  meq  per  100  grams 
of  native  soil  was  adjusted  with  gypsum  by  the  additions  noted  in  Table  8. 
The  measured  amount  of  agricultural  gypsum  for  each  addition  was  added  to 
the  soil  along  with  fallout  simulant  in  the  rotating  concrete  mixer  to 
ensure  blending. 


*  Chemical  forraj  calcium  sulfate  dihydrate,  CaS04.2H80. 
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Table  7 


SUMMARY  OF  FALLOUT  SIMU1ANT  PREPARATION 


Date 

Simulant 

Prepared 

Radionuclide 

Albite 

Particles 

(grams) 

Number  of 

Soil  Boxes  Prepared 
Sand  Loam  Clay  Total 

July  2,  1965* 

Ce-144 

3685 

6 

6 

6 

18 

July  7,  1965* 

Ru-106 

2400 

6 

6 

0 

12 

July  14,  1965* 

C s-137 

5200 

6 

14 

6 

26 

May  25,  1967 

Cs-137 

1520 

0 

2 

0 

2 

May  26,  1967 

Sr-85 

3400 

12 

0 

0 

12 

May  31,  1967 

Sr-85 

3400 

0 

12 

0 

12 

June  2,  1967 

Sr-85 

3400 

0 

16 

0 

16 

June  13,  1967 

Sr-85 

1850 

0 

8 

2 

10 

June  14,  1967 

Sr-85 

2800 

0 

12 

0 

12 

June  16,  1967 

Sr-85 

32,000 

Field 

Field 

Total  120 


*  Soil  boxes  replanted j  fallout  aliquots  reassayed. 
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Table  8 


CALCIUM  ADDITIONS  TO  HANFORD  SANDY  CLAY  LOAM 


Box 

Additional 

Calcium 

Agricultural  Gypsum* 

Crop 

Number 

(percent) 

(arams) 

(grams) 

Tomato 

69 

50% 

65.4 

290 

70 

100 

130.8 

580 

71 

200 

261.6 

1158 

68 

300 

392.4 

1738 

Potato 

79 

50 

65.4 

290 

80 

100 

130.8 

580 

81 

200 

261.6 

1158 

78 

300 

392.4 

1738 

Wheat 

89 

50 

65.4 

290 

90 

100 

130.8 

580 

91 

200 

261.6 

1158 

88 

300 

392.4 

1738 

Corn 

99 

50 

65.4 

290 

100 

100 

130.8 

580 

101 

200 

261.6 

1158 

9S 

300 

392.4 

1738 

*  Molecular  weight  of  CaSO4.2H20  -  172.17  grains,  97%  purity. 


A  commercial  fertilizer  (Loamite)  with  a  fertilizer  ratio*  of 
2-6-2  was  also  added  to  the  rotating  concrete  mixer.  Since  the  recom- 
rate  of  application  for  the  crops  and  soils  used  was  750  pounds 
per  acre,  0.125  pound  was  adddd  for  the  7.3  square  foot  soil  surface 
in  each  box. 

Contamination  of  the  farmland  plots  at  the  Kearney  Field  Station 
and  at  Camp  Parks  was  accomplished  by  dispersing  the  fallout  simulant 
from  a  handpulled  garden  fertilizer  spreader.  An  aluminum  angle  frame 
was  used  as  guide  rails  for  the  spreader,  and  careful  positioning  of  the 
frame  for  each  swath  ensured  a  uniform  and  complete  deposition.  A  total 
of  14,130  grams  (31.1  pounds)  of  the  material  was  spread  on  the  Camp 
Parks  farm  area  over  a  measured  plot  of  20  x  22  foot  dimensions.  The 
spreading  took  place  on  June  19,  196^  and  ion  chamber  assay  of  counting 
aliquots  gave  4.07  pc /gram  as  of  0930  on  June  19,  1967.  Planting  took 
place  on  the  same  date.  A  small  amount  (130  grams)  of  fallout  remained 
after  spreading  so  that  the  final  deposition  was  14,000  grams  per  (20  x 
22)  square  feet  times  4.07  Pc/gram  to  give  129.5  pc  per  square  foot  at 
a  surface  density  of  31.8  grams  per  square  foot. 

The  remaining  dry  fallout  (weighed  at  41.9  pounds  or  19,022.6  grams) 
was  dispersed  over  two  plots  at  the  U.C.  Agricultural  Station,  Reedley, 
California,  on  June  27,  1967.  The  contaminated  areas  were  15' 7"  x  25' 
and  15*8"  x  25'  for  a  total  of  781,25  square  feet.  Following  dispersal, 
the  residual  fallout  was  weighed  at  286.5  grams  to  give  a  total  surface 
density  of  23.98  grams  per  square  foot.  The  assay  was  4.07  pc/gram  as 
of  0930  on  June  19,  1967. 


*  Fertilizer  ratio  is  the  proportion  of  the  three  principal  nutrients 
in  a  mixed  fertilizer}  namely,  phosphoric  acid,  nitrogen,  and  potash. 
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Crops 


The  crops  studied  in  this  experiment  included  two  analyzed  in  the 
previous  plant  uptake  experiment,  wheat  and  tomatoes  and  two  additional 
crops,  corn  and  potatoes,  which  are  also  important  food  crops  in  the  U.S. 
diet.  Table  9  presents  the  botanical  classification  of  the  selected 
crops.  The  variety  with  respect  to  human  diet  includes  a  grain  crop 
(wheat),  a  vegetable  crop  (tomato),  a  root  crop  (potato),  and  a  grain  and 
animal  fodder  crop  (corn).  At  planting  time,  the  top  2-inch  layer  of  soil 
in  each  box  was  cultivated  to  provide  suitable  conditions  for  seed  germi¬ 
nation.  The  surface  of  the  clay  and  loam  soils  which  became  abnormally 
hard  and  cracked  when  dry,  was  treated  with  an  organic  humus  which  was 
mixed  into  the  top  2-inch  layer  of  soil.  Table  10  presents  a  planting 
summary  listing  all  boxes  planted,  the  radionuclide,  and  the  date  of 
planting. 


Table  9 

BOTANICAL  CLASSIFICATION  OF  CROPS  SELECTED  FOR  STUDY 


Common  Name 

Family 

Species 

Variety 

Wheat 

Gramineae 

Trlcticum  aestivum 

Ramona  50 

Tomato 

Solanaceae 

Lycopersicon  esculentum 

Early  Pack  No 

Potato 

Solanaceae 

Solanum  Tuberosum 

White  Rose 

Corn 

Gramineae 

Zea  Mays 

Sweet 

Source:  Manual  of  Cultivated  Plants,  L.  Bailey,  MacMillan,  1961. 
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PLANTING  SUMMARY 


Radio¬ 

nuclide 

Box  Numbers 

Planting  Date 

Day  of  the  Year 

Ce-144 

1  through  18 

April  20 

110 

Ru-106 

19  through  30 

April  20 

110 

Cs-137 

31  through  56 

April  25 

115 

Cs-137 

108  and  115 

June  14 

165 

Sr-85 

72  through  77 

82  through  87 

92  through  97 

102,  103,  and  104 

June  2 

153 

Sr-85 

68  through  71 

78  through  81 

88  through  91 

98  through  101 

June  5 

156 

Sr-85 

57  through  67 

105  through  118* 

June  14 

165 

Sr-85 

119  and  120 

Camp  Parks  Held 
201  through  205 

June  19 

170 

Sr-85 

Reedley  field 

301  through  304 

306  through  308 

310  through  313 

315  through  317 

June  28 

179 

*  Boxes  108  and  115  contain  soils  contaminated  with  Cs-137, 


Planting  Procedure 


The  procedures  for  planting  in  the  soil  containers  were  chosen  to 
allow  the  crops  to  grow  as  near  actual  field  conditions  as  possible. 

Depth  of  planting,  row  spacing,  crop  density,  and  growth  characteristics 
were  determined  after  consulting  with  personnel  from  the  College  of 
Agriculture,  University  of  California,  Davis,  California.  Table  11  lists 
these  factors  for  each  of  the  crops  planted. 

Certified  seeds  of  each  crop  were  obtained  to  ensure  trueness  to 
type  and  to  eliminate  the  possibility  of  seed-borne  diseases.  The 
Agricultural  Experiment  Station,  University  of  California  College  of 
Agriculture,  Davis,  California,  provided  certified  seeds  of  field  crops 
(wheat  and  potatoes),  and  Ferry-Morse  Seed  Company,  Mountain  View, 
California,  provided  certified  seeds  of  vegetable  crops  (tomatoes  and 
corn).  Sufficient  quantities  of  each  type  of  seed  were  obtained  to  allow 
successive  plantings. 


Table  11 

PLANTING  PROCEDURES  IN  SOIL  CONTAINERS 


Crop 

Depth  of 
Planting 
(inches) 

Number 

of 

Rows 

Row 

Spacing 
( inches) 

Thinned  Plant 
Spacing 
( inches) 

Wheat 

1-1/2 

5 

6 

2 

Tomatoes 

1 

2 

12 

4  plants/box 

Potatoes 

4 

2 

12 

4  plants/box 

Corn 

2 

2 

12 

12 
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A  commercial  nursery*  provided  the  routine  care  required  to  ensure 
proper  growth  of  the  plants.  This  included  watering,  cultivating,  ferti¬ 
lizing,  and  spraying  for  insect  control  as  required. 

Table  12  summarizes  the  crops  planted  at  the  two  farmland  locations. 
As  indicated  earlier,  wheat  was  planted  at  both  locations.  Additional 
crops  consisted  of  tomatoes  at  the  Kearney  Field  Station  and  corn  at  Camp 
Parks.  The  wheat  at  both  locations  was  hand  broadcast  and  then  raked  into 
the  surface  layer  of  soil,  and  the  tomatoes  were  transplanted  at  the 
Kearney  Field  station  from  seed  flats  of  the  Hanford  sandy  clay  loam. 

The  tomatoes  were  approximately  two  weeks  old  at  the  time  they  were 
transplanted. 

Plant  Sampling  and  Analysis 

The  soil  boxes  and  field  plots  were  assigned  a  number  to  Identify 
with  a  crop-soil-radionuclide  combination.  A  summary  of  the  various 
combinations  is  presented  in  Table  13.  With  the  assigned  number  as  the 
prefix,  successive  samples  from  each  area  were  numbered  serially  by  adding 
two  digits.  Thus,  sample  104  Indicated  the  fourth  sample  from  box 
number  1;  sample  11518  indicated  the  18th  sample  from  box  number  115. 

Plant  sampling  started  soon  after  the  plants  emerged  from  the  ground 
and  continued  at  frequent  intervals  thereafter  (at  least  seven  days 
between  samples),  depending  on  the  growth  characteristics  of  the  plant. 

The  frequent  sampling  facilitated  the  thinning  process  that  is  usually 
required.  When  the  plants  were  thinned  to  the  desired  spacings,  sampling 
intervals  were  lengthened  to  ensure  sufficient  samples  at  harvest  time. 
Sampling  procedures  depended  on  the  type  and  age  of  the  plant.  Table  14 
summarizes  the  plant  parts  sampled  at  each  stage  of  growth.  In  the  early 
stages,  the  whole  plant  was  sampled j  however,  when  the  root  system 

*  Pleasanton  Nursery,  3654  South  Rita  Road,  Pleasanton,  California. 
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Table  13 


PLANTING  summary 


re- 144 

Box 

Number 

Crop 

Soil 

1 

Tomato 

Oakley 

2 

Tomato 

Pleasanton 

3 

Tomato 

Clear  Lake 

4 

Potato 

Oakley 

5 

Potato 

Pleasanton 

6 

Potato 

Clear  Lake 

7 

Corn 

Oakley 

8 

Corn 

Pleasanton 

9 

Corn 

Clear  Lake 

10 

Wheat 

Oakley 

11 

Wheat 

Oakley 

12 

Wheat 

Oakley 

13 

Wheat 

Pleasanton 

14 

Wheat 

Pleasanton 

15 

Wheat 

Pleasanton 

16 

Wheat 

Clear  Lake 

17 

Wheat 

Clear  Lake 

18 

Wheat 

Clear  Lake 

Ru- 

•106 

19 

Tomato 

Oakley 

20 

Tomato 

Pleasanton 

21 

Potato 

Oakley 

22 

Potato 

Pleasanton 

23 

Corn 

Oakley 

24 

Corn 

Pleasanton 

25 

Wheat 

Oakley 

26 

Wheat 

Oakley 

27 

Wheat 

Oakley 

28 

Wheat 

Pleasanton 

29 

Wheat 

Pleasanton 

30 

Wheat 

Pleasanton 

Cb-137 

Box 

Number 

Crop 

Soil 

31 

Wheat 

Oakley 

32 

Wheat 

Oakley 

33 

Wheat 

Oakley 

34 

Wheat 

Clear  Lake 

35 

Wheat 

Clear  Lake 

36 

Wheat 

Pleasanton 

37 

Wheat 

Pleasanton 

38 

Wheat 

Pleasanton 

39 

Wheat 

Pleasanton 

40 

Wheat 

Pleasanton 

41 

Tomato 

Oakley 

42 

Tomato 

Clear  Lake 

43 

Tomato 

Clear  Lake 

44 

Tomato 

Pleasanton 

45 

Tomato 

Pleasanton 

46 

Tomato 

Pleasanton 

47 

Potato 

Clear  Lake 

48 

Potato 

Pleasanton 

49 

Potato 

Pleasanton 

50 

Potato 

Pleasanton 

51 

Potato 

Oakley 

52 

Com 

Clear  Lake 

53 

Corn 

Pleasanton 

54 

Corn 

Pleasanton 

55 

Corn 

Pleasanton 

56 

Com 

Oakley 

108 

Corn 

Hanford 

115 

Wheat 

Hanford 
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Sr-85 

Box 

Number 

Crop 

Soil 

57 

Tomato 

Yolo 

58 

Tomato 

Yolo 

59 

Potato 

Yolo 

60 

Potato 

Yolo 

61 

Corn 

Yolo 

62 

Corn 

Yolo 

63 

Wheat 

Yolo 

64 

Wheat 

Yolo 

65 

Tomato 

Hanford 

66 

Tomato 

Hanford 

67 

Tomato 

Hanford 

68 

Tomato 

Hanford  +  Ca 

69 

Tomato 

Hanford  +  Ca 

70 

Tomato 

Hanford  +  Ca 

71 

Tomato 

Hanford  +  Ca 

72 

Tomato 

Oakley 

73 

Tomato 

Oakley 

74 

Tomato 

Oakley 

75 

Potato 

Hanford 

7  « 

Potato 

Hanford 

77 

Potato 

Hanford 

78 

Potato 

Hanford  +  Ca 

79 

Potato 

Hanford  +  Ca 

80 

Potato 

Hanford  +  Ca 

81 

Potato 

Hanford  +  Ca 

82 

Potato 

Oakley 

83 

Potato 

Oakley 

84 

Potato 

Oakley 

85 

Wheat 

Hanford 

86 

Wheat 

Hanford 

87 

Wheat 

Hanford 

88 

Wheat 

Hanford  +  Ca 

89 

Wheat 

Hanford  +  Ca 

13 

_ Sr-B5  (continued) 

Box 

Number  Crop  Soil 


90 

Wheat 

Hanford  +  Ca 

91 

Wheat 

Hanford  +  Ca 

92 

Wheat 

Oakley 

93 

Wheat 

Oakley 

94 

Wheat 

Oakley 

95 

Corn 

Hanford 

96 

Corn 

Hanford 

97 

Corn 

Hanford 

98 

Corn 

Hanford  +  Ca 

99 

Corn 

Hanford  +  Ca 

100 

Corn 

Hanford  +  Ca 

101 

Corn 

Hanford  +  Ca 

102 

Corn 

Oakley 

103 

Corn 

Oakley 

104 

Corn 

Oakley 

105 

Corn 

Hanford  +  T1 

106 

Corn 

Hanford  +  T2 

107 

Corn 

Hanford  +  T3 

109 

Potato 

Hanford  +  T1 

110 

Potato 

Hanford  +  T2 

111 

Potato 

Hanford  +  T3 

112 

Wheat 

Hanford  +  Tl 

113 

Wheat 

Hanford  +  T2 

114 

Wheat 

Hanford  +  T3 

116 

Tomato 

Hanford  +  Tl 

117 

Tomato 

Hanford  +  T2 

118 

Tomato 

Hanford  +  T3 

119 

Wheat 

Camp  Parks 

120 

Wheat 

Camp  Parks 
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Table  13  (Concluded) 


SR- 8  5 

(continued) 

Plot 

Number 

Crop 

Soil 

201 

Wheat 

Camp  Parks  Field 

202 

Wheat 

Camp  Parks  Field 

203 

Wheat 

Camp  Parks  Field 

204 

Wheat 

Camp  Parks  Field 

200 

Corn 

Camp  Parks  Field 

301 

Wheat 

Reedley  Field 

302 

Wheat 

Reedley  Field 

303 

Wheat 

Reedley  Field 

304 

Wheat 

Reedley  Field 

306 

Tomato 

Reedley  Field 

307 

Tomato 

Reedley  Field 

308 

Tomato 

Reedley  Field 

310 

Wheat 

Reedley  Field 

311 

Wheat 

Reedley  Field 

312 

Wheat 

Reedley  Field 

313 

Wheat 

Reedley  Field 

315 

Tomato 

Reedley  Field 

316 

Tomato 

Reedley  Field 

317 

Tomato 

Reedley  Field 

table  14 

SUMMARY  OF  PLANT  PARTS  SAMPLED 
Plant  Age 


Plant 

(days) 

Sampled  Parts 

Corn 

21 

. 

47 

Shoot 

29 

- 

70 

Stalk,  leaves 

58 

- 

84 

Stalk,  leaves,  tassel 

76 

- 

119 

Stalk,  leaves,  tassel,  silk,  husk,  ear 

Potatoes 

99 

- 

126 

Stem,  leaves,  tuber  (meat,  peel),  root 

Tomatoes 

27 

_ 

34 

Shoot 

42 

- 

54 

Vine 

41 

- 

70 

Stem,  leaves 

70 

- 

89 

Stem,  leaves,  flower 

99 

- 

195 

Stem,  leaves,  fruit  (meat,  peel),  root 

Wheat 

21 

_ 

50 

Shoot 

41 

- 

97 

Stalk,  leaves,  head 

90 

- 

110 

Stalk,  leaves,  head,  grain,  chaff 
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developed,  the  plant  stalk  was  cut  oft  above  soil  level  to  avoid  disturb¬ 
ing  the  soil  around  adjacent  plants.  Only  at  the  final  harvest  were  the 
roots  sampled  for  analysis. 

Generally,  in  the  sampling  process,  washing  of  the  plants  was  mini¬ 
mized  to  avoid  the  possible  loss  of  soluble  radionuclides.  Yet,  care  was 
taken  to  ensure  the  removal  of  all  soil  particles  from  the  sampled  plants. 
Consequently,  the  root  crop  plant  (potatoes)  was  carefully  processed  to 
remove  soil  particles.  A  portion  of  each  potato  crop  was  peeled  after 
washing  and  the  peel  and  meat  portions  analyzed  separately. 

After  harvesting  and  washing,  plants  were  separated  into  parts  as 
indicated  in  Table  13.  Plant  parts  were  put  into  separate  plastic  con¬ 
tainers  and  placed  in  a  large  forced  air  drying  oven  for  a  minimum  of 
24  hours  at  70°C,*  or  longer  if  required,  to  yield  a  constant  weight.  The 
crops  that  contained  large  quantities  of  water,  such  as  tomatoes  and 
potatoes,  were  dehydrated  before  being  dried  to  a  constant  weight. 

Plant  Radioactivity  Assay 

Dry  plant  samples  were  transferred  from  the  large  drying  oven  in  the 
growing  facility  to  a  smaller  oven  in  a  nearby  field  laboratory.  Samples 
were  then  removed  from  the  oven  and  weighed  on  a  semi-micro  balance 
(Mettler  Model  B-6).  After  weighing,  a  portion,  or  all  of  the  plant 
sample  was  placed  into  "Nalgene"  test  tubes  for  gamma  activity  measurement 
in  a  scintillation  counter.  The  Nalgene  tubes  are  made  of  a  plain  poly¬ 
propylene,  32  x  172  mm  with  a  100  ml  capacity.  To  ensure  good  counting 
efficiency  in  the  well  crystal,  the  dry  plant  material  was  compressed  to 
a  volume  which  generally  ranged  between  10  and  30  cubic  centimeters.  Care 
was  taken  not  to  exceed  the  latter  volume  which  corresponded  to  the  top 
of  the  crystal  well.  Approximately  20  grams  of  dry  plant  material  could 
be  counted  in  this  manner. 

*  Association  of  Official  Agricultural  ChemistB,  12.2  p.  116,  1945. 


36 


The  scintillation  counter  consisted  of  a  3  x  3-inch  Nal  crystal  with 
a  1-3/S  x  2-1 /l -inch  deep  "ell  mounted  on  an  FM!  +yp«  9S7R8  3-inch  multi¬ 
plier  phototube  whose  output  was  fed  directly  into  a  Systron  model  1091-3 
scaler.  The  scaler  gate  was  controlled  by  a  Nuclear  Dual  Timer.  A  John 
Fluke  Model  412A  high-voltage  power  supply  provided  dynode  string  voltage 
for  the  multiplier  phototube.  Shielding  consisted  of  a  lead  cylinder 
3  inches  thick,  9  inches  I.D.  and  22  inches  high.  A  2-inch  thick  lead 
cover  moved  back  and  forth  to  permit  access  to  the  well  crystal. 

The  well  crystal  was  calibrated  by  observing  the  count  rate  of  small 
aliquots  of  radionuclide  solution  which  contained  a  known  amount  of  radio¬ 
activity.  The  counting  aliquots  were  transferred  to  the  "Nalgene"  tubes 
from  10  ml  volumetric  flasks  that  had  been  assayed  for  total  activity  in 
a  4-pi  gamma  ionization  chartber  of  known  efficiency.*  To  determine  the 
efficiency  of  the  scintillator  counter  response  for  increasing  volumes  , 
the  small  aliquots  were  successively  diluted  with  '  acid  to  yield  the 
results  shown  by  Figure  3.  These  curves  served  as  a  basis  for  conversion 
of  observed  counting  rates  of  each  plant  sample  to  disintegration  rates 
according  to  the  following  procedures: 

1.  After  compressing  with  the  punch  and  die  the  volume  of  the  dry 
plant  material  in  the  counting  tube  was  estimated  by  comparing 
it  with  an  identical  100  ml  tube  which  was  calibrated  in  cubic 
cent imeters. 


*  The  4-pi  gamma  ionization  chamber  is  an  argon  filled  (600  psig  at 

70°F)  steel  ionization  chamber  11  inches  in  diameter  by  14  inches  high, 
shielded  with  3  inches  of  lead.  The  ionization  current  produced  in  the 
chamber  is  read  out  on  a  microammeter.  The  useful  ionization  current 
output  ranges  between  4  x  10“10  and  3  x  10”s  milliamps  (ma).  Readings 
are  normalized  to  a  standard  response  of  5,60  x  10-7  ma  for  100  micro- 
gramB  of  radium.  The  response  of  the  4-pi  ionization  chamber  to  many 
radioisotopes  has  been  determined. 17 
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FIGURE  3  VARIA1 
RESPOf 
UME  (F 


2.  The  sample  was  counted  for  gross  activity  after  which  its  count- 

.  .  .  .jt  _ i  j _ i  4—  - 

mg  rate  was  corrected  i or  uacHgruuuu «nu  iwinw.**™  —  —  —  — 

standard . 

3.  The  net  corrected  count  rate  was  then  converted  to  disintegration 
rate  from  using  the  appropriate  curve  of  Figure  3. 


*  Samples  were  counted  for  at  least  one  minute  or  until  the  accumulated 
counts  were  at  least  five  times  the  background  counts  per  minute. 
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RESULTS 


Plant  Uptake  Contamination  Factors 

A  plant  uptake  contamination  factor  (a  )  is  defined  as  the  concen¬ 
tration  of  a  radionuclide  in  a  plant  part  (atoms  per  gram  of  dry  plart 
part)  divided  by  the  concentration  of  the  same  radionuclide  in  the  soil 
(atoms  per  gram  of  dry  soil).  It  will  be  noted  that: 

atoms/gm  of  dry  plant  d/s/gra  of  dry  plant 
SU  atoms/gm  of  soil  d/s/gm  of  soil 

Disintegration  rates,  decay  corrected  to  planting  date,  were  used 

to  calculate  the  a  values  reported  herein. 

SU 

Appendix  A  presents  a  summary  sheet  for  each  soil  container.  Infor¬ 
mation  in  each  summary  sheet  includes:  (l)  plant  age  in  days  from  date  of 
planting,  (2)  number  of  plants  harvested,  (3)  dry  weight  in  grams  per 
plant,  (4)  dry  weight  (grams)  of  counting  sample,  (5)  specific  activity 
of  the  sample  in  disintegrations  per  second  per  gram  (d/s/gm),  and 

(6)  uptake  contamination  factors  'a.  )  for  each  sample  harvested. 

■  SU 

Specific  activity  of  the  soil,  date  of  planting,  and  plant  emergence  date 
are  also  listed. 

Computed  Values  of  a  at  Crop  Maturity 

Average  a  t  values  for  each  crop  at  maturity  are  summarized  in 
SU 

Tables  15  through  IT-  These  values  were  obtained  for  plants  at  final 
harvest  when  the  edible  portion  had  matured  to  a  marketable  stage. 

The  a  values  listed  in  Table  17  for  Ce-144  and  Ru-106  plant-soil 

o  U 

combinations,  however,  should  be  treated  at  a  low  confidence  level.  The 
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To  hit.  1R 

PUNT  UPTAKE  CONTAMINATION  FACTORS  (a.,,)*  AT  CROP  MATURITY 

Sr-85 


Plant 

Plant  Part 

Soli 

Type 

Oakley 

Sandy  Loam 

Hanford 

Sandy 

Clay  Loam 

Yolo 

Silty  Clay 

Camp  Parks 
Clay 

Tomato 

Leaves 

23.8 

28.0 

4.04 

Stem 

9.11 

10.68 

2.62 

— 

Fruit 

0.374 

0.396 

0.0418 

— 

Peel 

0.711 

0.653 

0.222 

— 

Meat 

0.494 

0.341 

0.123 

— 

Root 

9.40 

8,32 

1.35 

-- 

Potato 

Leaves 

18.8 

14,8 

3.96 

— 

Stem 

18.4 

18.4 

2.86 

— 

Tuber 

0.590 

0.409 

0.123 

— 

Peel 

1.0S 

1,09 

0.355 

— 

Meat 

0.346 

0.275 

0.142 

— 

Root 

13.1 

14.9 

3.18 

-- 

Wheat 

Leaves 

5.15 

3.99 

1.00 

1.78 

Stalk 

3.11 

2.66 

0.592 

1.29 

Head 

0.427 

0.367 

0.0636 

0.108 

Grain 

0.265 

0.208 

0.0324 

0.0742 

Chaff 

0.896 

0.782 

0.134 

0.380 

Corn 

Leaves 

6.64 

4.64 

0.609 

1.09 

Stalk 

2.06 

1.29 

0.276 

0.184 

Cob 

0.285 

0.213 

0.0607 

0.0300 

Kernel 

0.0416 

0.0364 

0.0182 

0.0067 

Husk 

0.522 

0.353 

0.060 

0.0429 

Silk 

0.517 

0.352 

0.0325 

0.115 

Tassel 

2.64 

2.13 

0.231 

0.234 

*  Average  of  all  boxes  at  final  harvest. 
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Table  16 


PLANT  UPTAKE  CONTAM iNAnCN  rACiOKS  (u  }*  AT  CROP  MATURITY 

su 

Cs-137 


Soil 

Type 

Plant 

Plant  Part 

Oakley 
Sandy  Loam 

Pleasanton 

Loam 

Clear 

Lake  Clay 

Hanford 
Sandy 
Clay  Loam 

Tomato 

Leaves 

0.134 

0.00738 

0.0550 

_  _ 

Stem 

0.0775 

0.00325 

0.0238 

— 

Fruit 

0.106 

0.00257 

0.0449 

— 

Peel 

0.137 

0.00170 

0.0396 

— 

Meat 

0.163 

0.00278 

0.0468 

— 

Root 

0.153 

0.0227 

0.0396 

— 

Potato 

Leaves 

0.111 

0.0155 

0.0591 

_  _ 

Stem 

0.176 

0.0129 

0.0423 

-- 

Tuber 

0.117 

0.00486 

0.0371 

— 

Peel 

0.156 

0.00809 

0.0226 

— 

Meat 

0.0952 

0.00338 

0.0205 

— 

Root 

0.155 

0.0269 

0.0476 

— 

Wheat 

Leaves 

0.0526 

0.00633 

0.0244 

0.0231 

Stalk 

0.0272 

0.00338 

0.0150 

0.0104 

Head 

0.0304 

0.00207 

0.0102 

0.00546 

Grain 

0.0116 

0.00144 

0.00742 

0.00584 

Chaff 

0.0574 

0.00395 

0.0150 

0.00994 

Corn 

Leaves 

0.117 

0.0070 

0.0376 

0.0735 

Stalk 

0.103 

0.0044 

0.0260 

0.0337 

Cob 

0.0441 

0.0018 

0.0132 

0.0181 

Kernel 

0.0274 

0.00093 

0.0062 

0.00902 

Husk 

0.0955 

0.0028 

0,0190 

0.0165 

Silk 

0.151 

0.0057 

0,0315 

0.0517 

Tassel 

0.0917 

0.0035 

0.0186 

0.0542 

*  Average  of  all  boxes  at  final  harvest. 
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Table  17 


PLANT  UPTAKE  CONTAMINATION  FACTORS  (a  ) *  AT  CROP  MATURITY 

SU 

Ce-144  and  Ru~106 


Ce-144 
Soil  Type 


Ru-106 
Soil  Type 


Plant 

Plant 

Part 

Oakley 

Sandy 

Loam 

Pleasanton 

Loam 

Tomato 

Leaves 

0.0426 

0.00410 

Stem 

0.00858 

0.00279 

Fruit 

0.00304 

0.00350 

Peel 

0.0105 

0.000920 

Meat 

0.00436 

0.004  59 

Root 

0.113 

0.0234 

Potato 

Leaves 

0.143 

0.0404 

Stem 

0.0325 

0.0220 

Tuber 

0.00182 

0.00880 

Peel 

0.00866 

0.00509 

Meat 

0.00137 

0.00149 

Root 

0.140 

0.0542 

wheat 

Leaves 

0.00908 

0.006G8 

Stalk 

0,00194 

0.00477 

Head 

0.00159 

0. 0U211 

Ora  in 

0.00149 

0.00128 

CHaff 

0.00837 

— 

Corn 

Leaves 

0.0096 

0.0088 

Stalk 

0.0044 

0.0046 

Cob 

0.0028 

0.0015 

Kernel 

0.0007 

0.0001 

Husk 

0.0034 

0.0013 

Silk 

0.0015 

0.0019 

Tassel 

0.0062 

0,0011 

Clear  Oakley 

Lake  Sandy  Pleasanton 


Clay 

Loam 

Loam 

0.0160 

0.103 

0.0198 

0.00295 

0.0177 

0.00215 

0.000395 

0.00325 

0.0208 

0.000567 

0.00547 

0.0125 

0.00519 

0.0100 

0.00591 

0.0514 

0.0753 

0.214 

0.123 

0.356 

0.0567 

0.0144 

0.0453 

0.0138 

0.00304 

0.0147 

0.00222 

0.00128 

0.0338 

0.0118 

0.00352 

0.00279 

0.00166 

0.00557 

0.355 

0.0903 

0.00639 

0.  342 

0.0447 

0.00156 

0.166 

0.0248 

0.000670 

0.0813 

0.00225 

0.000767 

0.0102 

0.00198 

0.00254 

0.194 

0.00273 

0.0113 

0.0690 

0.0242 

0.00391 

0.00822 

0.00275 

0.0015 

0.00102 

0.00096 

0.00091 

0.00098 

0.0005 

0,0021 

0,00505 

0.00107 

0.  0056 

0.0148 

0.00253 

0.0049 

0.0211 

0.00204 

*  Average  of  all  boxes  at  final  harvest. 


Ru-106  and  Co-144  soil  containers  were  those  utilized  in  the  1935  plant 
uptake  experiments and  the  soil  activity  had  decayed  to  a  level  which 
was  too  low  to  provide  adequate  gamma  counting  rates  in  the  harvested 
plant  samples.  The  computed  values  for  Ru-106  and  Ce-144  will  be  used 
only  for  general  comparisons. 

Comparisons  of  agu  values  derived  for  various  plant  part-soil  radio¬ 
nuclide  combinations  at  crop  maturity  are  given  in  Tables  18  and  19.  In 
Table  18,  aglJ  values  for  radionuclides  are  compared  for  oach  plant  part 
for  crops  grown  in  Oakley  Sandy  Loom,  and  in  Table  19,  asu  values  are 
compared  for  each  radionuclide-soil  combination. 

Table  18  shows  that  agu  values  for  Sr-85  are  the  highest  in  all 
instances,  usually  by  an  order  of  magnitude.  This  is  in  agreement  with 

B 

the  results  obtained  in  the  1965  plant  uptake  experiments.  In  tomato 
and  corn  samples,  Cs-137  is  found  to  be  the  next  in  order  of  importance. 
In  wheat  and  potato  samples ,  Cs-137  and  Ru-106  are  found  to  be  next  in 
order  of  importance,  with  Ru-106  higher  in  wheat  .samples,  and  Cs-137 
higher  in  potato  samples.  Ce-144  is  generally  found  to  be  the  least 
important  in  all  plant  samples. 

Table  19  shows  that  a  values  for  the  edible  portion  of  each  plant 

ou 

was  the  lowest  in  all  cases  except  for  tomato  samples,  where  Cs-137  agu 
values  in  the  harvosted  fruit  were  not  significantly  lower  than  other 
portions  of  the  plant.  The  leafy  portion  of  all  plants  usually  had  the 
highest  a  values, 

o  U 

Dependence  of  a  on  Exchangeable  Soil  Cations 

s  u 

The  relationship  between  a  and  relative  cation  ionic  or  available 

SU 

concentration  was  discussed  earlier  and  an  equation  was  proponed  which 
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Indicates  a  factor  of  10  or  more. 

Indicates  a  factor  of  more  than  2  but  less  than  lO. 
Indicates  approximately  equal  to  within  a  factor  of  2 


COMPARISON  OF  VALUES  BY  PLANT  PART 


y  equal  to  C within  a  factor  of 


relates  the  uptake  factor  to  the  available  cation  concentration:  for* 
example,  calcium,  according  to  a  =  a°  I  Ca++  ~K  where  a°  and  m 
are  empirical  constants  and  Ca  is  the  available  calcium  concentra¬ 
tion  in  milligrams  of  calcium  per  gram  of  soil.  An  approximate  measure 
of  the  latter  is  provided  by  the  soil  analysis  data  for  total  chemically 
extractable  calcium  (exchangeable  plus  soluble).  As  noted  in  Table  4, 
however,  the  soluble  calcium  values  are  relatively  low  with  respect  to 
the  exchangeable  concentrations,  and  the  latter  values  were  taken  as 
representative  of  the  total  soil  available  calcium  for  determination  of 
the  equation  constants. 

Using  the  data  measured  for  mature  samples,  the  equation  constants 

were  determined  by  least  square  fits  to  plots  of  a  versus  exchangeable 

SU 

calcium  for  the  crops  and  soils  employed  in  the  present  studies.  The 
results  are  summarized  in  Table  20  and  are  compared  where  possible  with 
values  from  earlier  experiments.  In  general,  the  agreement  is  only  fair, 
bu  probably  consistent  with  the  limited  number  of  experiments  and  test 
soils. 

As  in  the  previous  work,  only  a  limited  number  of  soils  were  employed 
and  the  derived  constants  are  based  at  most  on  no  more  than  three  to  four 
values  for  exchangeable  calcium  in  the  native  soils,  in  a  few  cases, 
however,  the  experiments  were  repeated  for  a  given  crop-radionuclide 
combination  on  additional  soils.  Ar.  example  is  illustrated  in  Figure  4 
for  wheat  and  radiostrontium.  In  this  figure  the  combined  data  are  shown 
for  the  last  two  experiments.  The  similarity  in  slopes  for  the  three 
plant  parts  is  evident  readily  as  is  the  order  of  a  values  ranging  from 

DU 

the  lower  values  for  the  grain  to  the  higher  values  in  the  leaves.  The 
similarity  in  elopes  appears  to  be  reasonable,  since  it  would  be  expected 
that  lower  available  strontium  to  the  root  system  (at  higher  soil  calcium 
levels)  would  equally  affect  all  plant  parts.  Further  experiments  would 


48 


Table  20 


CumrAix I  aOK  Or 

VriD  CONaxAhjjj 

j 

FOR  THE  EQUATION 

a  =  a°  [Ca+n 

SU  SU  L  J 

-m 

Sr-85 

Ca 

1-137 

o 

o 

Crop 

Part 

A„„ 

m 

A 

m 

SU 

SU 

Wheat 

Leaves 

b  Z'77 

0.862 

0.0243 

0.495 

“(2.52) 

(0,819) 

(0.0546) 

(1.58) 

Stalk 

1.66 

0.760 

0.0123 

0.371 

(1.26) 

(0.809) 

(0.0254) 

(2.44) 

Grain 

0. 161 

0.833 

0.0058 

0.371 

(0.201) 

(1.11) 

(0.0120) 

(3.28) 

Tomato 

Leaves 

13.0 

1.49 

0.0538 

0.700 

(3.15) 

(1.13) 

(0.0780) 

(1.59) 

Stem 

5.87 

1.19 

0.0802 

0.866 

(3.35) 

(1.48) 

(0,0794) 

(0.781) 

Fruit 

0.162 

1.97 

0.0336 

0.757 

(0.134) 

(0.904) 

(0.0145) 

(2.13) 

Corn 

Leaves 

2.36 

1.98 

Stalk 

0.821 

1.60 

Kernel 

0.029 

0.678 

Potato 

Leaves 

9.58 

1.28 

0.0596 

0.487 

Stem 

8,99 

1.64 

0.0732 

0.934 

Tuber 

0.288 

1.24 

0.0423 

0.850 

a  First 

value  from  1967  crop  year 

(present  work). 

b  Values 

in  parentheses  are  those 

reported  in  reference  8  for 

1965 

crop  year. 
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be  required  to  confirm  this  observation  and  to  provide  improved  confidence 
in  the  desired  value  for  the  slope. 

The  effect  of  added  calcium  on  a  values  for  radiostrontiura  was 

Sir 

determined  for  all  crops  grown  in  Hanford  sandy  clay  loam  soils.  Calcium 
in  the  form  of  hydrous  calcium  Bulfate  was  added  to  the  as-received  loam 
in  amounts  of  290,  580,  1158,  and  1738  grams  of  gypsum,  or  50,  100,  200, 
and  300  percent  of  the  total  exchangeable  calcium  level.  Four  boxes  were 
prepared  for  each  level  and  planted  with  tomatoes,  potatoes,  wheat,  and 

corn.  The  resulting  a  values  for  these  crops  grown  in  the  amended  loam 

SU 

soils  are  given  in  Table  21. 

The  agu  values  for  all  crops  grown  with  a  50  percent  amendment,  as 

compared  to  the  values  with  no  additional  calcium,  showed  a  decrease  in 

agu  in  all  cases,  with  the  largest  change  noted  for  wheat  leaves  and  the 

smallest  for  corn  kernels.  In  all  cases  the  smallest  variation  was  found 

in  the  edible  portion.  These  findings  agree  with  those  reported  in 

References  7  and  8.  The  a  values  obtained  with  100  percent  calcium 

SU 

addition  showed  a  decrease  in  a  from  the  50  percent  amendment  in  only 

SU 

42  percent  of  the  samples,  while  the  subsequent  calcium  additions  of 
200  and  300  percent  Bhowed  no  significant  decrease  over  those  obtained 
with  the  Initial  50  percent  amendment. 

Comparison  of  Soil  Container  and  Field  Experiments 

The  measured  agu  values  for  samples  grown  in  fields  a.  v  imp  Parks 
and  at  Hanford  are  summarized  in  Table  22  along  with  the  corresponding 
values  for  crops  grown  in  soil  containers.  The  paired  values  for  each 
plant  part  have  been  plotted  in  Figure  5  in  which  the  45°  line  represents 
equal  values. 

Both  crops  grown  in  the  Hanford  Boil,  tomatoes  and  wheat,  show  rea¬ 
sonably  good  agreement  between  container  and  field  data  with  a  slight  bias 
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Table  21 


EFFECT  ON  PLANT  UPTAKE  CONTAMINATION 
FACTOR  {«  )  by  CALCIUM  ADDITIONS 

su 

TO  Sr-85  CONTAMINATED  HANFORD  SANDY  CLAY  LOAM 


Plant 

Plant  Part 

Calcium  Additions 

Control 

50% 

100% 

200% 

300% 

Tomato 

Leaves 

28.07 

13.1 

12.6 

12.5 

13.9 

Stem 

10.7 

5.93 

7.38 

5.22 

6.11 

Fruit 

0.396 

0.335 

0.175 

0.177 

0.398 

Peel 

0.653 

0.397 

0.540 

1.51 

0.327 

Meat 

0.341 

0.196 

0.202 

0.636 

0.0956 

Root 

8.32 

4.58 

5.85 

4.64 

4.82 

Potato 

Leaves 

14.77 

11.1 

10.3 

9.83 

11.4 

Stem 

18.43 

12.0 

9.80 

10.4 

11.2 

Tuber 

0.409 

0.314 

0.213 

0.335 

0.174 

Peel 

1.09 

0.587 

1.92 

0.618 

0.569 

Meat 

0.275 

0.141 

0.178 

0.193 

0.118 

Root 

14.87 

8.72 

8.98 

7.  71 

9.13 

Wheat 

Leaves 

4.00 

3.23 

3.56 

3.52 

4.16 

Stalk 

2.62 

1.83 

2.12 

2.15 

2.28 

Head 

0.367 

0.277 

0.253 

0.226 

0.227 

Crain 

0.208 

0.153 

0.0997 

0.128 

0.134 

Chaff 

0.782 

0.603 

0.509 

0.478 

0.702 

Corn 

Leaves 

4.64 

3.25 

3.33 

3.78 

3.17 

Stalk 

1.29 

0.790 

1.12 

0.863 

1.12 

Cob 

0.213 

0.1C6 

0.159 

0.269 

0.163 

Kernel 

0.0364 

0.0290 

0.0346 

0.0276 

0.0222 

Husk 

0.353 

0.286 

0.168 

0.197 

0.301 

Silk 

0.352 

0.200 

0.285 

0.170 

0.201 

Tassel 

2.13 

1.58 

1.75 

1.42 

1.14 
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Table  22 


COMPARISON  OF  PLANT  UPTAKE  CONTAMINATION  FACTORS  (a  ) 
OBTAINED  FROM  PLANTS  GROWN  IN  SOIL  CONTAINERS  AND° 
PLANTS  GROWN  UNjER  FIE  ID  CONDITIONS 
Sr-85 


Hanford 


Plant 

Plant 

Part 

Sandy  Clay  Loam 

Camp  Parks  Clay 

Field 

Soil 

Container 

Field 

Soil 

Container 

Tomato 

Leaves 

12.2 

28. 1 

— 

— 

Stem 

7.08 

10.68 

— 

-- 

Frui : 

0.511 

0.  396 

— 

— 

Peel 

0.340 

0.653 

— 

— 

Meat 

0.413 

0  341 

— 

— 

Root 

8.32 

— 

— 

Wheat 

Leaves 

6.17 

4.00 

0.520 

1.78 

Stalk 

3.02 

2.62 

0.281 

1.29 

Head 

1.02 

0.367 

0.042 

0.107 

Grain 

0.532 

0.208 

0.031 

0.079 

Chaff 

__ 

0.782 

0  101 

0,373 
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field.  An  opposite  effect  is  shown  for  the  wheat  crop  grown  in  Camp  Parks 
clay,  which  gave  the  largest  variation  between  the  containers  and  the 

field.  On  the  average,  the  container  a  values  for  Camp  Parks  wheat  were 

SU 

slightly  more  than  three  times  higher  than  the  field  samples.  For  all 
of  the  paired  values  taken  as  a  whole,  eight  values  were  higher  in  crops 
grown  in  the  soil  containers  and  six  were  higher  in  the  field  samples. 

The  average  ratio  of  high  to  low  value  was  2.8  for  the  former  and  1.8  *or 
the  pairs  which  gave  higher  field  values. 


The  purpose  of  these  experiments  was  to  test  the  hypothesis  that  the 
large  soil  containers  used  in  this  work  provide  realistic  simulation  of 
an  actual  field  environment.  These  rather  limited  experiments  clearly 
do  not  verify  the  hypothesis  for  general  application.  On  the  other  hand, 
neither  do  they  disprove  it.  In  fact,  the  agreement  appears  to  be  adequate 
to  support  the  continuing  application  of  the  soil  container  data  to  post¬ 
attack  predictions  of  food  contamination,*  at  least  in  the  absence  of 
additional  experimental  work. 

Ab  part  of  the  field  experiments  a  limited  number  of  additional 
testB  were  undertaken  to  derive  information  relating  to  several  experi¬ 
mental  variables.  These  included  comparisons  of  a  values  measured  for 

bU 

various  methods  of  application  of  the  synthetic  particle  fallout,  seeded 
(first  crop)  wheat  with  volunteer  (second  crop)  wheat,  and  synthetic 


*  These  considerations  apply  to  the  early  postattuck  period  when  the  up¬ 
take  route  is  relatively  less  important  than  other  sources  of  contami¬ 
nation.  The  uncertainties  reflected  in  the  data  would  undoubtedly 
assume  increasing  importance  for  purposes  of  assessing  the  longer-term 
hazard,  or  for  evaluating  uptake  of  world-wide  fullout. 
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pnrticlo  fallout  with  solution  simulant.  The  results  are  presented, 
respectively,  in  Tables  23  through  25.  In  nearly  every  case  the  agree¬ 
ment:  appears  to  be  well  within  the  experimental  uncertainty  and 
no  appreciable  difference  in  the  results  by  the  various  methods.  A 
possible  exception  is  the  higher  a  values  for  the  first  wheat  crop  at 
Keedley  (Table  24), which  may  be  related  to  a  relatively  poor  crop  yield 
as  compared  to  the  volunteer  wheat  crop  yield.  The  latter  winter  crop 
received  additional  rainfall  which  allowed  for  a  normal  root  penetration. 

The  good  agreement  between  the  particle  and  solution  simulant  results 
supports  the  previously  unproven  contention  that  little  difference  is  to 
be  expected  between  the  two  methods  of  ipplication,  at  least  for  thin 
type  of  study  and  radionuclide-soil  combination.  From  an  experimental 
point  of  view,  however,  the  particle  type  of  fallout  provides  a  consider¬ 
ably  more  convenient  vehicle  than  a  solution  form  for  application  to  field 
plots,  and  in  any  event  simulates  more  realistically  the  physical  mixing 
of  soil  and  fallout  particles.  For  certain  types  of  soils  such  mixing  may 
have  an  important  influence  on  the  uptake  process. 

Effect  of  Heat  Treatment  on  Observed  Uptake 

In  the  previous  experiments  a  limited  number  of  tests  were  undertaken 
in  which  samples  of  synthetic  fallout  were  subjected  to  successively 
higher  temperatures  prior  to  mixing  with  the  soil.  The  results  indicated 
a  marked  decrease  in  the  available  radionuclide  with  corresponding  lower 
values,  by  as  much  as  a  factor  of  ten  or  more.  The  experiments  were 
repeated  more  extensively  in  the  present  work  with  the  results  shown  in 
Table  26.  Also  shown  is  the  solubility  of  the  radio strontium  used,  as 
measured  in  water  and  0.1  N  HCl.  In  general,  and  as  expected,  the  decrease 
in  a  for  the  heated  simulant  corresponds  more  closely  to  th*  decreased 
solubility  in  water. 


56 


Table  23 


COMPARISON  OF  Sr-85  UPTAKE  BY  WHEAT  GROWN  IN  HANFORD  SOIL 
CONTAMINATED  BY  SYNTHETIC  FALLOUT  MIXED  INTO  PLOWLAYER  AND 
WITH  SYNTHETIC  FALLOUT  APPLIED  TO  SOIL  SURFACE 


Plant 

Plant  Part 

Simulant 

on  Surface 

<v 

Simulant 

Mixed  Into 

Plow  Depth 

Wheat 

Leaves 

7.48 

6.17 

Stalk 

5.84 

3.02 

Head 

1,64 

1.02 

Grain 

0.824 

0.532 

Table  24 

COMPARISON  OF  Sr-85  UPTAKE  IN  GRAIN  FOR  SEEDED  WHEAT 
(FIRST  CROP)  WITH  VOLUNTEER  WHEAT  (SECOND 
CROP)  ON  FARMLAND  PLOTS 


Firsv;  Crop 

Second  Cl 

(a  ) 

'  su' 

(a  ) 

SU; 

Camp  Parks  plot,  synthetic  fallout 

Reedley  plot,  synthetic  fallout 

0.0312 

0.0232 

surface  application 

0.824 

0.281 

Mlxod  in  plowlayer 

0.  532 

0.407 

Solution  mixed  in  plowlayer 

0.451 

0.253 
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Table  25 


COMPARISON  OF  Sr-85  UPTAKE  FROM  HANFORD  SOIL  CONTAMINATED  BY 
SOLUTION  SIMULANT  AND  BY  SYNTHETIC  FALLOUT 


Solution 

Fallout 

Simulant 

Simulant 

Plant 

Plant  Part 

(asu) 

(asu) 

Tomato 

Leaves 

12.0 

12.2 

Stem 

7.40 

7.08 

Frill  t 

0.308 

0.511 

Peel 

0.557 

0.340 

Meat 

0.359 

0.413 

Wheat 

Leaves 

3.44 

6.17 

Stalk 

2.28 

3.02 

Head 

0.860 

1.02 

Grain 

0.451 

0.532 

pwi—  i- 1  —  o 
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COMPARISON  OF  Sr-85  «  UPTAKE  FROM  HANFORD  SOIL  CONTAMINATED 
WITH  HEATED  SYNTHETIC  FALLOUT 


Plant 

Synthetic  Fallout  Treatment 

Plant 

Part 

Control 

888°C 

1027 °C 

1071 °C 

Tomato 

Leaves 

28.07 

0.280 

0.199 

0.125 

Stem 

10.68 

0.0892 

0.108 

0.0601 

Fruit 

0.396 

0.0121 

0.0175 

0.0965 

Peel 

0.653 

0.0336 

0. 0083 

0.0167 

Meat 

0.341 

0.00959 

0.00490 

0.00146 

Root 

8.32 

0.139 

0.0485 

0.104 

Potato 

Leaves 

14.77 

0.240 

0.0800 

0.192 

Stem 

18.43 

0.155 

0.0696 

0.198 

Tuber 

0.409 

0.214 

0.00202 

0.00933 

Peel 

1.09 

0.00786 

0.00774 

0.00441 

Meat 

0.275 

0.0222 

0.00275 

0.00796 

Root 

14.87 

0.140 

0.0677 

0.157 

Wheat 

Leaves 

4.00 

0.0683 

0.0104 

0.0880 

Stalk 

2.62 

0.  A31 

0.0261 

0.0429 

Head 

0.367 

0.00438 

0.00356 

0.00465 

Grain 

0.208 

0.00322 

0.00257 

0.00237 

Chaff 

0.782 

0.0203 

0.00537 

0.0141 

Com 

Leaves 

4.64 

0.296 

0.0224 

0.0834 

Stalk 

1.29 

0.0503 

0.0109 

0.0309 

Cob 

0.213 

0.0163 

0.000912 

0.00720 

Kernel 

0.0364 

0.00317 

0.000417 

0.00211 

Husk 

0.353 

0.0175 

0.00662 

0.00998 

Silk 

0.352 

0.0498 

0.0124 

0.00712 

Tassel 

2.13 

0.105 

0.0102 

0.0486 

Sr-85 

percent 

soluble 

in  water 

86.6% 

1.4% 

1.4% 

1.5% 

Sr-85 

percent 

soluble  in 

0.1  N  HC1 

99.4 

75.9 

17.4 

13.1 
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Although  the  present  studios  were  conducted  only  with  rad  lost rontlum, 
laboratory  work10'11'12  with  additional  radionuclides  provides  evidence 
that  similar  decreases  would  be  expected.  These  results  are  significant 
with  respect  to  expected  levels  of  radionuclides  in  crops,  for  a  given 
level  of  fallout  contamination,  and  clearly  indicate  the  necessity  for 
specifying  the  degree  of  availability  of  radionuclides  for  a  given  type 
of  fallout. 
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CONCLUSIONS 


The  uptake  of  four  radionuclides  (Sr-85,  Bu-106,  Cs~137,  and  Ce-144) 
was  measured  for  four  plants  (wheat,  tomatoes,  corn  and  potatoes)  grown 
in  four  different  soil  types  (sandy  loam,  sandy  clay  loam,  silty  clay  and 
clay).  Plants  were  grown  in  large  soil  containers  that  allowed  most  of 
the  root  system  to  develop  under  normal  field  conditions.  Sampling 
started  as  soon  as  the  plants  sprouted  and  continued  at  frequent  in¬ 
tervals  depending  on  growth  characteristics  of  the  plant.  Plant  uptake 

contamination  factors  (a  )  wore  calculated  for  each  of  the  samples 

su 

harvested.  Comparisons  of  the  uptake  for  various  plant  part-soil- 

radionuclide  combinations  at  crop  maturity  show  that  the  a  values 

SU 

for  Sr-85  are  the  largest  in  all  instances,  usually  by  an  order  of  mag¬ 
nitude.  The  values  for  Cs-137,  Ru-106,  Zr-Nb-95,  and  Ce-144  show 
no  consistent  pattern  and  are  randomly  distributed  high  and  low  among 
the  plant  part-soil  combinations.  The  agu  values  for  the  edible  portion 
of  each  plant  were  lowest  in  every  case,  and  usually  the  leafy  portion 

of  the  plants  had  the  largest  a  value.  These  general  observations 

SU 

support  and  extend  the  results  of  previous  experiments. 

Only  limited  data  wore  available  for  evaluating  the  effects  of 
available  calcium  on  radionuclide  uptake  but,  taken  with  the  results  of 
previous  work,  supported  the  postulated  decrease  in  uptake  in  a  manner 
approximately  inversely  proportional  to  the  exchangeable  calcium  concen¬ 
tration  in  the  soil.  These  results  again  emphasized  the  generally  lower 
uptake  values  observed  in  the  work  as  compared  to  literature  values. 

The  lower  values  in  these  experiments  have  been  attributed  to  the  growing 
of  crops  in  large  containers,  as  opposed  to  values  based  on  literature 
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data  which  are  reported  for  experiments  using  small  pot  containers.  The 
large  soil  containers  allowed  the  plant  root  systems  to  develop  in  a 
manner  more  nearly  approximating  field  conditions. 

To  test  this  assumption  further  some  field  studies  were  conducted 

in  which  crops  were  grown  on  small  test  plots  at  two  different  field 

locations.  The  data  were  not  extensive  enough  to  confirm  the  validity 

of  the  large  container  approach  but  were  in  sufficiently  good  agreement 

to  support  the  continuing  application  of  the  large  container  data  to 

estimations  of  early  postattack  period  food  contamination  levels.  As  part 

of  the  field  studies,  a  limited  number  of  additional  experiments  were 

conducted  to  compare  measured  a  values  for  various  methods  of  mixing 

SU 

the  contaminant  with  the  soil  and  also  to  compare  the  results  obtained  by 
applying  the  contaminant  in  normal  particle  form  and  also  as  a  solution. 

In  all  cases  no  significant  differences  were  found. 

By  far  the  largest  changes  in  a  values  were  produced  when  the 

bll 

availability  of  the  radionuclides  for  uptake  was  reduced  by  thermal 

pre-treatment  of  the  fallout  simulant.  The  results  verified  the  previous 

reductions  in  a  values  for  wheat  by  as  much  as  a  factor  of  10.  In  the 
SU 

present  work  the  observations  were  extei.  ?d  to  include  the  three  additional 
crops  of  tomatoes,  corn  and  potatoes  and  similar  reductions  in  a  values 
were  founu . 

Recommendations 

In  view  of  the  generally  low  uptake  values  observed  in  this  and 
previous  work  it  appears  very  likely  that  relatively  little  postattack 
hazard  to  humans  can  be  anticipated  from  the  consumption  of  foods  grown 
in  soils  which  have  been  contaminated  up  to  the  levels  employed  in  these 
experiments.  The  primary  contribution  of  the  current  series  of  experi¬ 
ments  has  been  to  significantly  extend  the  amount  of  available  data  for 
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analyses  of  postattack  food  supply  problems.  It  Is  recommended  that  the 
data  be  Included  in  subsequent  analytical  studies  directed  to  evaluations 
of  human  survival  following  nuclear  attack, 

Possibly  the  most  serious  problem  encountered  in  the  conduct  of  the 
work  has  been  associated  with  the  difficulty  in  attempting  to  generalize 
the  results.  Although  the  number  of  radionuclides  and  crops  studied  are 
probably  adequate  to  cover  a  wide  range  of  postattack  situations,  the 
work  has  of  necessity  been  restricted  to  only  a  limited  number  of  soil 
types.  Although  undertaking  additional  work  would  clearly  be  dependent 
on  rese..rch  priorities,  it  is  recommended  that  any  additional  studies  be 
specifically  oriented  toward  an  emphasis  on  soil  variables. 
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7  ARIL  A- 


PLANT  UPTAKE  SUMMARY:  TOMATO 
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0.4334 


8. 8754 


10.4403 


2.4162 


5.4247 


5.4230 


20.0000 


5.188  1.118-02 


2.743  5.848-03 


3.888  8.308-03 


0.431  1.448-03 


1.404  3.018-03 


0.440  4.408-04 


NUMiR 

ROOT 

(04411  RUnTI 

(0N/4UNT) 

(04  AMI 

10/1/0*1 

1401 

54 

20 

o.onT 

1.4141 

11.10)  1.120-01 

1402 

VINO 

47 

29 

0.1-59 

4.I1TI 

21.104  1.2)4-01 

KIH 

rrm 

rtm 

FTTT1 

it'll 


1404  HAVE)  TO 


1404  IUHS  14 


BUI 

m 


1412  HU 


ni.n 

Irm 

ftlTi 
wTTl 
[tTTI 

ea 

TTvTTI 
TQ3B 
TuTI 

rrrm 

TflTTl 


1  2.440* 

1.1490 

14.491  4.004-0)  1 

■■  HnZTTVHV WiTiVi 

_ 9.191  -LSU-Jl  | 

1  14.4201 

14.4201 

14.494  T. 224-02  | 

1400  RICHER  04 


1410  STIH  ITS 


1414  ROOT 


s.Tioe 


4.4404 


2.144  1. 174-02 


1.044  1.004-02 


19.443  7.9)4-02 


TOOK  0-  20 


_ gum  urrm  aimmi _ : rmuia 


2000  LEAVES  ITS  l  22.7941  4.5041  4.141  1.414-02 

_ 20C4. _ ITEM _ 115 _ X _ 40.9742 _ 9.4442 _ 5.4il  _  2.151-51 

2010  PEELS  ITS  1  20.44IT  0.T3IT  2.625  1.254-02 


2201 

LEAVES 

104 

i 

44.2020 

..  19.4Q20 

11.889 

9.471-02 

2202 

STEM 

104 

i 

37. SOTO 

16.3470 

2.887 

1.388-02 

2101- 

kb  m 

104 

i 

—  u  m  !■ 

■  LIU  II  — 

SSlBrWiTB 

KWH  a  IW 

2204 

HEAT 

104 

i 

23.4740 

23.4740 

0.344 

1.648-03 

■FTTT* 

■XITfK 

104 

i 

2HPW*XTmBl 

2204 

HOOT 

104 

i 

4.0470 

4.0470 

18.421 

4.038-02 

pm 

■nm 

i 

Ml  WIIIW 

■  iwiii  — 

■lull 

2201 

MEAT 

US 

1 

40.7400 

60.7400 

2.204 

1.098-02 

-2i0S— 

TU8EA 

I2S 

1 

_ k<U13flSL_ 

30.1800 _ 

_ 2.973 

1.231-02 

80 


Mill  A-  IS 


NUNICft  PAST  ,  I  DAYS  I  PLANTS  ISM/PLANT  I  (QIANS* 


(O/S/AN) 


jL_MfciAi _ bah  plant  earns . 

■Aciiv.iTJL. iii/e/cBi  t _ unis _ imjauau  ur.. 


COUNT  INC  SPECIFIC 


niiuiii 


NUNAEP  PANT  (DAYS)  PLANTS  (SN/ PLANT)  ((PANS)  10/S/CN) 


2402  SNOOT  4T 

2403  LEAVES _ Si 

2404  STALK  S4 


l-H'T 

m 


2404  STALK 


47.11*1 

IHT'.i 

raTJTl 


2401  STALK 


4. 1404  4.401  3.040-02 

0.S4II  3.441  1.800-02 

4.22411 _ T.T17  1.122^02. 


2410  LEAVES  114 

2411  -HAUL _ Ll!_ 

2412  TASSEL  114 


2414  HUSK 


13.4415 

inoio- 

24. mo 


10.1011 


1S.441S 


1.U2  s.sio-oi 


inumr^H  n*n 


24.76?  1.420-01 

MM  4.444  03 
9.043  2.420-02 

AlUI  -ItUfcM  . 

0.421  2,040-03 


0.224  1.070-03 


taou  »-  2» 


COUNT  INC  SPECIFIC 


NIIMEK  H*r  I  OATS  I  PLANTS  (CHS PLANT  I  lORANS) 


(D/S/CNI 


2*02  SHOOT 


T\  I'M 


2*04  HEAD 


240*  HEAO 


ri 

m 

m 


2«0S  STALK 


M  1141 

3Q9 

Tim 


2*10  HEAO 


r<  ill 


0.2SS4  12.*T0> 


imjiri 

Krrr 

WTT? 

acaj 

nRTTT'i 


0.434T  1T.4J40 


i 1  r>  F  1*  i  rrt. /+-■ 


2*12  LEAVES  110 


T.S*1  I. SIN-02 


V tvJ  f  TT  I  l>3> I 


0.017  4.T00-04 


Lm  fH|n i i  S'Fl 


0.**S  4. ASO-OJ 


t *  nif  pi <  t  3<m 


1.142  >.4*0-02 


vnlT  3'rl 


1S.S4*  *.910-02 


V  r\.T Cm  rvi /  3>/| 


22.9*3  1.100-01 


TAIL!  A-  AT 


TAIL!  A-  2t 


TAILS  A-  30 


9901 

SHOOT 

20 

40 

0.0*19 

2.5409 

1.9*4  1.700-02 

3002 

SHOOT 

St 

90 

0.2410 

12.0917 

2.47*  1.100-02 

3002 

SSL 

s* 

10 

0.9141 

5.1909 

I.M4  3.4*0-03 

300* 

HEAO 

94 

10 

0.1944 

1.5419 

0.07fc  1.610-04 

!  3003 

-Jit _ 

TO 

_ IS- 

_ 0.H04  - 

0.2*41 

.  .  2.130-02 

;  300* 

HEAO 

TO 

10 

0.2903 

2.9047 

2.000-04 

1  30C7  „ 

LEAVES 

■4 

10 

0.2221 

2.2204 

*.010-02 

1  3001 

STALK 

•4 

10 

0.0020 

t.*19« 

?. 270-03 

300*  . 

_H£AS 

14 

10 

0.5071 

a. 1704 

6.420-03 

3010 

HEAO 

110 

460 

0.5991 

19.2*25 

*  1.120-02 

.  3011 

STALK 

110 

460 

6.412) 

7.09*3 

4-.3»l  3.022-02 

3012 

LEAVES 

no 

460 

0.1074 

10.0057 

•:,4£2  4.250-02 

90" 

6RAIN 

110 

4flA 

_ 0.1154 

20e0000 

0.229  1.090-03 

301* 

CHAFF 

110 

460 

0.0203 

3.0000 

3.842  2.741-02 

84 


TAIL!  A-  93 


NUAilA  COONTIHC  JfECIAIC 


■f.l  J  *  flllM'UaTJ 1  UHI' 


rrrr: 

K7T(  i 


190*  LEAVES  T9 


ISO*  HEW 
190*  HEAD 


1912  GRAIN  10R 


1-ny.i  i— m  lii 

rwHr^TOTTi 

rWTTTl 


0.9919  20.0000 


*9.917  2.9*0*02 


29.019  1.100-02 


?  3-m 


29.011  1.1*0-02 


l>  H7!-  5-  mt ^TT  at  1 


19.011  0.170-09 


TAIL!  A-  1* 


87 


TAIL!  A-  >1 


PLANT  U01MI  1UMU0VI 

1C1H 

RADlONUCHOlI 

CS-11T 

INITIAL 

301 L  ACTIVITY 

10/S/BM) 1  1014.00 

SAMPLE 

PLANT 

Afll 

NUHOfR 

PANT 

IOAVSI 

PLANTS 

(GN/PLANTI 

1401 

INAPT 

21 

_ 40 _ 

0.0412 

1402 

1401 

SNOOT 

IMBCT 

14 

90 

mm 

0.1991 

_0.7017 

1404 

1404 

SSL 

NtAO 

*9 

*9 

10 

10 

1.0240 

0.229* 

3404 

1407 

LIAVIS 

ITALIC 

T4 

74 

10 

10 

0.1144 

0.7044 

1400 

1404 

HI  AO 

HI  AD 

Tf 

101 

10 

396 

0.4444 

1410 

1411 

STALK 

LEAVES 

100 

too 

106 

105 

0.4919 

0.2912 

1412 

..mi. 

SPAIN 
tUtt . 

100 

_iaj _ 

366 

— m _ 

0.9249 

_ a*ua_ 

TAIL!  »-  40 


PLANT  UPTAKI  SUNNARYI 

SOIL! 

PLEASANTON  LOAN 

RACIONUCLlDEt 

CS-137 

INITIAL 

SOIL  ACTIVITY 

10/S/CNI:  list. Oil 

□mi 

SANPLE 

PLANT 

ACC 

OP 

ORV  VEIGHT 

NUNOEN 

PART 

IOAVSI 

PL4NTS 

ICA/PLANT 1 

4001 

SHOOT 

23 

40 

0.0444 

4002 

SHOOT 

14 

90 

0.1944 

4001 

SHOOT 

30 

10 

4004 

su 

AS 

to 

1.0240 

■nirwi 

49 

10 

4004 

LEAVES 

T4 

10 

0.1019 

wmrm 

74 

10 

0.7914 

4009 

HEAD 

T4 

to 

0.93*7 

HTTTp 

BM 

—  IIIIIM 

4010 

STALK 

104 

1SS 

0.7112 

4011 

10a 

0.1143 

4012 

SPAIN 

10* 

361 

0.19*9 

■■  4011.. 

cm 

181 _ 

—an _ 

—  ii  him 

89 


COUNI  IM  SPRCIPIO 


tORANf)  (O/S/CNI 


10.1*4* 


l.Nit 


4.004  4.210-01 


14.000  T. 040-01 


S. 011  4.110-01 


4. 7400  4.910  2.410-01 

.404  4..040-01 

2.410  1.100-01 


20.0000 


4.49T  2.910*0! 


‘A9LE  A-  43 


] 


I 


PLANT  USUAKI  lUHWABYt  TCNOTO 


tcut  am  uu  Ckii. - moum  maim  sl. 

ihhmucubi ’  ci-m _ Miuuimuu - 

JMUli  salt  ACTIVITY  IB/l/MH  LUJUM _ OATI  tmaiifll  »» _ 


SANPLE 

PUNT 

AGE 

NUNIER 

OP 

DAY  AflGNT 

COUNTING 
OR/  WEIGHT 

SPECIFIC 

ACTIVITY 

Alll 

NUNIER 

PANT 

(DAYS) 

PLANTS 

(GN/PLAMT 1 

I0RANS) 

tO/S/GNI 

4101 

SNOOT 

14 

20 

0.0A1S 

1*27.03 

AT. 241 

I.MM2 

4102 

VINE 

42 

2S 

0.2142 

5.1340 

40.014 

2.210-01 

4303 

STEP 

90 

a 

1939 

1.2115 

21.174 

1.110-01 

4104 

leaves 

SO 

0 

0.940S 

4.4141 

11.M2 

1.0*0-00 

4100 

LEAVES 

AS 

2.4449 

_  11.7794 

22.70? 

1.170- 01 

410* 

STEP 

AS 

4 

0.7240 

2.I4S4 

20.43/ 

1.1T0-02 

4107 

■vrma 

TS 

1 

I.111S 

a. ms 

M  1  H  II  1 

4100 

STEN 

74 

1 

I.AASS 

I.AASS 

17.107 

4304 

74 

1 

Ut 3440 

0.1440 

12. IAS 

1.2S0-02 

4110 

LEAVES 

170 

1 

2J.S01T 

*.7117 

47.004 

1.410-02 

MOTT! 

STEN 

■m 

1 

41.ISA4 

M  1  HI  1  1 

FnTTaTa 

4112 

PEELS 

170 

1 

14.7*40 

0.1*40 

24.924 

1. *30-02 

Bin 

NEAT 

m 

1 

111.4400 

■H  1  H  ,1  1  1 

OWTTnTB 

4114 

FAUIT 

170 

1 

U1.TS00 

21.2400 

*0.402 

1. 170-02 

win 

■jTThI 

mTFwM 

1 

HnTTn 

S.0310 

■■  1  W  1  1  ■ 

1.I1MI 

TAILS  A-  44 


SCILt  PLEAS ANTCN  LOAN 

CONTAINER  NUNIER »  44 

RAD10NUCL IDE)  CS-137 

IPPI9PHi99V9i9PIVnill9l9PPfiVffl#PW^^ 

mmummmmm 

NUNIIA  COUNTING  SPECIFIC 


I  ANILE  l»LANT  AGS  QN  .CRY  N*I6KT..0»Y  H6I6MT  ..ACTIVITY _ Alii. 

NUHIEN  PANT  (CATS!  PLANTS  (GN/PLANTi  IGMNSI  CO/S/GPI 


_ L-OlU - 

4402 

arniu  ■ 

STEN 

30 

_ tk - 

0 

U  ■  1 W 

0.110A 

- Ml r 1 Ii - 

0.(049 

- iJLt  KK.V-— 

IS. 232 

0.202-03 

4403 

AtAYEi 

SO 

a 

0.3030 

3.0640 

_ 4  2.048 

2.262-02 

4404 

LEAVES 

AS 

2 

3.0094 

7.4100 

11.7*3 

6.340-03 

1U1.H 

AS 

2 

1.7209 

7.4411 _ 

3.703 

1.210-01 

440* 

LEAVES 

79 

1 

17.2200 

17.2200 

7.416 

4.130-03 

VTTTfl 

1  >  M 

74 

1 

H  W  1 1  1  ■ 

■  1  Mil  1  — 

2.633 

■TOTtmi 

4408 

FlCWER 

74 

l 

0.4310 

0.4310 

2.630 

1.410-03 

4404 

LEAVES 

170 

l 

48. 3901 

1.4701 

7.206 

3.100-03 

4410 

STEP 

170 

1 

42.9994 

4.4454 

3.381 

L.02O-G3 

4411 

PEELS 

170 

1 

17.09A2 

0.44*2 

4.42  J 

1.490-03 

4412 

NEAT 

170 

l 

94.1400 

3.2*00 

4.346 

2.340-03 

4413 

OHHOi 

170 

3 

■immi 

27.1*00 

2.911 

INH  3-V« 

4414 

170 

1 

4.7357 

4.73S7 

91.751 

2.700-02 

91 


U04 

JUL 


4104  HID 


IT|K  40 
Jillllt _ ISL 


1* 


-iim _ nam _ m_ 


4310 

-kill. 


4111 

m 


LI  AVIS  no 

11  HI _ 1ML 


4*14 

_k4U_ 


PULS 

pSSit 


no 


■«- 

1T0- 


».«a? 
uaiu. 
is.  mo 
J4UL 


4.1*10 

.uaiu. 


17.44)1 

sxaui. 


11.1710 

■Aim. 


1.114 

AUL 


If  .Mil 
44.4100 
113.4711 
_ UUL 


MU 

iizn. 


1.017 

*.H» 


1.141-44 

until 


0.ST1I 

i.tsao 


!*.)«• 

4.4tl 


3. fit- 44 
l.HIrll 


27.4100 

8.1111- 


0.012 

s.aii 


1.270-42 

1.740-01 


4.04* 

41.1IT 


.210-04 

1.144- 41 
2.420-0* 

1.144- 01 


TAtLI  A-  4A 


PLANT  UPTAM  1UPB1PYI  TOMATO 


Kill  f LIAIA01CW  Lfllt*. 


MHTiima  mm  as. 

-MiuiiMttLm _ 


INITIAL  20IL  ACT1VIT7  UOMli  nrt.OO 


NUNASA  COUNT  INC  SPICIPIC 

Nuiiiii  pfiTr  ioiTii  punts  ion/pianti  ioiunsi  io/s/cni 


4401 


4402 

_44.fi  l_ 


4404 

-4MBL 


-5T- 

I1UL 


-LL 


42 

_JLS_ 


~IS_ 


4404 

>taT- 


LI4VI1  10 

_UA#*S _ WL 


1* 

JUL. 


Asi life _ umi _ Uiiii  until 

0.2442  4.2440 JlToiO I. 114-01 

2.1019 


4400 

.4001. 


STIH 

.mm. 


4410 

J44UL 


ITCH 

jEiamn- 


41 

-11. 


7* 

71 


LI1VSS  170 
571W  170 


4412 

4411. 

PULS 

Mlt 

170 

ro. 

4414 

P4UI7 

170 

.4*15 

POQI _ 

_JU1 

0.2442 

-fijJULil 


0 


I.JIH 

until 


0.1011  4.0223  10.101  4.0*0-01 

.AjXIAI _ 14*JS4JJ _ 14.444  7. 111-31 

4.*4n  4. *401  1.047  4.240-01 

■JAilM.  —  AtatM _ 4.010  until 


10.USS 

6.41)1 


22.1020 


10. *111 
Atm. 


4.4120 


2.441  1.410-01 

-iaMJ _ UtlH* 


17.144  *.400-01 

-I.J8.fl  -JUlIfcfll. 

4.010  2. 141-01 

1.411  UilfcM 
1.77*  iTOJI-OJ 


92 


TOOLS  A-  *« 


jt atm. 


101 U  H10MN10M  LOOP _ 

RAOIOMUCLIOf l  Cl-111 

_ amaa  naiii-i 

0010  HAMTIlI  119 

L. 

WIT  111  lOH-itTmTT  iA/ianU.imaM _ 

0010  OMOOtBI  110 _ 

JMBU-lim _ ill 


nunoIm 


iujium 


count  im  ' 
out  mm 


MIMIC  R  HIT  (BitSI  RIANT!  (9M/HAMT)  (8RAMSI 


iiKTTic 

JttHUL 


10/ 1/1*1 


kill 


jm _ umu  ua 


MU  SION  1» 

MM  mu _ UA- 


MM  MIT  120 
4101  -  TUltM  110 


JUUi _ UilUiL 

IT. Mil  U.MM 


Utlll  l.TM-01 


4000  ROOT 


120 


1.1004 


40.1424 

lLf-tlli 


mm. 


J.00T1 


21.1124 

21.0200 


20.010  1. 120*02 

21.141  1.110-02 


3.0011 


0.111  4.010-03 

10.140 . Mlfcli 


10.010  1.110-02 


nut  o-  oo 


HAM  UII1.I  ,UU1IVI 

KIOTO 

S01LI  HR010N1DN  LOOM 

CONTAINER  NUMBER i  10 

JilUflMttiiktl  Ci-lIT _ 

_ _ Pito  gumas  m _ 

mmol  nuk  main  mi/muMLn _ am  immti _ua 


UIILE  SLANT 

wm 

CRT  MIAMI 

COUNT  INS 
ONV  HEIGHT 

SRECIHC 

ACT11ITV 

ASU 

NUNIiR 

ROOT 

1 001*1 

HANTS 

I0M/RUNTI 

(CRAMS* 

(0/S/CMI 

1001 

leaim 

120 

1 

20.1113 

20.9313 

22.020 

*.238-02 

9002 

9001 

STM 

Hiil 

120 

120 

I 

1 

21.1013 

0.4200 

23*9013 

0.4200 

14.907 

7.049 

1.090-02 

4.293-03 

3004 

lliCS 

MEAT 

THEM 

120 

12# 

1 

.  2 

40.4213 

20.4311 

10.4011 

3. ITT 
9.30T 

1.021-03 

2.693-03 

9000 

ROOT 

120 

1 

1.0019 

9.0119 

43.103 

2.320-02 

94 


1 1  PlUmrlirAtl 


5214 

114 

3 

12.1471 

4.4235 

34.034 

1.402-02 

mm 

■iTTrTTw 

114 

3 

wm  i  mi  !  ■ 

■  mill 

mm  i 

5216 

COB 

114 

3 

34.4207 

11.6*20 

23.757 

1.323-02 

95 


TAIL!  A-  SI 


NUNOCR  PART  (DAYS  I  SLANTS  (OR/ SLANT  I  (GRANS I 


1302  SHOOT 


330 A  LEAVCS  SO  It 

—2199 _ liUU 

9 30 A  STALK 


rrm 


9310  LCAVIS  114 


12.4199 


I9/S/0NI 


11.170  1.400-02 


10.TTO  1.010-02 


19.000  1.0TO-02 


29.9310 


9.190  9.300-03 


MUNICH  SORT  ( OATS  I  SLANTS  (GN/SLANTI  (GRANSI  (O/S/CNI 


9410  LEAVCS  114 


9412  TASSEL  114 


29.4003 


13.401  7.290-03 

4.744  9,290-03 

4.174  3.700-03 


im  tWHHI  117 


NUNNIR  MIT  (CRTS I  RUNTS  (CN/RUNT )  (SIMS) 


SRCCIRIt 


1 0/ S/CM  I 


5504  LtIVIS  SO 


0.74TI  J.11II 


h-u  zi  >■ 

tWTTjB  rf  T  fall 


SSOC  STILR  TO 


11.000  11.0100 


10.ST0T  11.1020 


S3 10  COS 


41.1119 


tOuITTO 


0.T11  3.020-01 


19.002  l.9St-09 


T.T90  4.170-01 


1.000  1.1 


1.040  2.070-01 


JiOKMlCtlfltl _ £i-UI _ 


NUMCR  COUNTING  SRECIHC 

UEIOHT  OCT IWfTV 


NUMOER  MRT  IOAVSI  RUNTS  IGN/RLONT)  I6RIHS)  tO/S/OHI 


I 


TASK  4-  ft 


98 


1 


TAIL!  A-  AO 


NUHICA  COUNT  INC  SPECIFIC 


hi  «  '  ■>ai'  m  :  y  uw 


99 


NUNOCR  KART  IOAVSI  HANTS  16*/ Pi.  AMI  I  CRM  II  IB/I/CHI 


*101!  STALK  11 


4104  STALK  St 


rirta 

rvrri 

rrm 

rrifl 

rTIfl 

rnrl 

ntti 

rnti 

rTTTl 

M 

Hffl 


4104  LEAVES  T4 


4110  TASSIL  T4 


411]  SILK  T4 


4114  TASSfL  SO 


0.2111  2.1110 


1.1410  4.T4S4 


14.1420  14.1420 


24.2110  S.OSSO 


TFm 

rrm 
pen 

i!m 

nn 

mxi  is 


imisi’ 

rwrrr 

rwrrn 

as m 


l  )n  liBn  HB'l 


S4T.41T 


341.771 


4S.STT 


214.124 


04.1T2 


11.744 


1.441*00 


1.110*00 


2.420-01 


irn  i  3  ) 


T. 120-01 


2.710-01 


m-n  m nn  □<)! 


4114  LEAVES  40 


4110  SILK  40 


21.0112 


4.4112 


142.214 


13.274 


3.010-01 


4.040-02 


lit  it  w  n.if  U7i 


4120 

COI  40 

4  10.1191 

TAIL!  A- 

12.9194  10.017 

42 

3.071-0? 

COUNTING  SRECIFIC 


NUMOCA  RANT  IOAVSI  HANTS  IGN/RLANT I  I  GRANS  I  fO/S/GN) 


6202  STALK  29 


4204  STALK  42 


1 _ i 

TRvTTHKmTT 

_ t 

1 

14.4041  1.4049 

1 

4200  LSAVCS  74 


4210  TASSEL  74 


117.411  1.100*00 


341.114  1.070*00 


104.317  1.110-01 


191.971  3.141-01 


tiki 

SB 


rf  n  (‘hi  I 


0- v  l- V  J 


l  I  7»M 


rn  lx  i 


1.2121 


ASSIL  40 


mi 


1.2129 


■Wit  VI 

PH 


90.949  I.931-C1 


1.044  2.471-02 


•1.001  2.411-01 


llfTK.1 

RTTl 

ITTWraM 
EHXBQISSSiiiJ:! 
irmwTrmw 


4214  LEAVES  40 


4220  C01 


7.9114  13.4004 


7.929  2.411-02 


24.411  9.071-02 


100 


NUHTER  COUNT  lM  SPECIFIC 

QP. _ DOT  NEICHT  04V  HEI4HT  4CT1V1TT 


Htf 


NUM4E4  FONT  I  COY*  I  PLANTS  (CM /PLANT  I  l CRAMS I 


10/S/CMI 


-UA1 _ SHOOT 


4102  SSL 
H8i - HEAD 


J3- 


4304 

JkJJJS_ 


HEAD 

■STALK 


41 

A2 


»• 

JL 


10 

JJL 


4304  LEAVES  51 


10 

_1A_ 


iiu _ MEAD 


4301 

hot 


4310 

mi 


STALK 

LEAVES 


JL 


4312 

till 


MEAD 

STALK 


•  3 

-AL¬ 


IO 

-LA- 


LEAVES 

-HE 


•5 

-Al¬ 


io 

-lfl- 


4314 

_ma_ 


4314 

jut 


HEAD 
STALK 
LEAVES. 


*5 

JUL¬ 


IO 

_1A_ 


CRAIN 

CHAFF 


TO 

-1A_ 


10 

243 


0.0105 


0.3TT4 

-0.1202 


JittlL 


0.4192 

04*314 


5.TT41 

1.2014 


itT.m 


1.118-81 . 

I.2IM1 


0.2129 

1.4S21 


4.1520 

*.4140 


1TI.44T 

42.148  1.KM1- 


0.4444 

A. 22 71- 


2.3290 

14.I2T8 


10.040 

J1JU- 


1*4444 

a.m? 


4.4417 

1.1721 


2TT.4T4 

11.112- 


T.  1T4-02 
1.8EML 


TO 

-SA_ 


10 

-1A_ 


0.2014 

1.1*14 


14.4474 


121.044 

242.4*1 


4.144-01 

2.  >48-11 


232 

232 


0.4042 

C.1101 


2.0344 

li.TMft 


14.444 

122.701 


9. 774-01 
U44irAl. 


0.4441 

A.  02.10 


4.0*22 

1.2010 


240.01* 

-IT.  AAA. 


4.444-02 

l.T2t-AI 


20.0000 

2.8800- 


140.977 

-2H.4TT . 


T. 144-01 

Ji 


11.719 

40.101 


.114-01 
9.514-01 
1. tit-81 


1. «0>-02 
1.1S4-01 


TAILE  A-  44 


PLANT  UPT4KI  SUHHAAYI  VHEAT 


S01LI  YOLO  SILTY  CLAY _ COHTAIIW  HWEE*»  *4 


AA010NUCL IDE  t 

SR-  (3 

DATE  PLANTEOl 

1*9 

iRi 

(P/S/CHU  12*.  10 

OATE  EMERGED! 

171 

SAMPLE 

PLANT 

ACE 

NUNC E 4 
OP 

COUNT  II1C  SPECIFIC 
OMY  HEIGHT  ACTIVITY 

ASU 

NUM4EA 

PART 

1  DAYS  1 

PLANTS 

ICN/PLANT 1 

(CRAHSI  10/S/CNI 

♦401  -JHtOT- 


*402 

*401 


*404 

*489 


SSL 

HEAD 


-22. 


*40* 

-14A7 


HEAD 

-AIA1S- 


42 

-42- 


_Afi_ 


*401 

*4flT 


LEAVES 

HEAP 


9* 

-5JL 


10 

JUL 


A.lli* 


4410 

*411 


STALK 

-1EAVES- 


51 

Ji_ 


10 

_ia_ 


0.544] 

0.214Q 


AUAAA , 


4412 

JAjLL 


HEAD 

SIALB 


T* 


10 

JA_ 


0.5137 

Q.E13T 


5.4424 

Jtl2AL 


-271. **A  l.nt-Al 


13 

_»2_ 


10 

.14. 


0.2047 

1.2IS1 


3.4372 

*.2279 


17T.A03 

34.234 


*414 

*419 


LEAVES 

HEAP 


*414 

*417 


STALK 

LEAVES- 


43 

_1A_ 


10 

_AA_ 


0.7777 

0.23TT 


3.0443 

JUL 


33.470 

*9.792 


9.304-01 

1.034-01 


10 

29* 


4500 

ini 


7.7772 

1.2TE7 


2T4.143 


1.024-01 

a.*9t-ci 


CRAIN 

JHAfL. 


TO 

-SA¬ 


TO 

_TA- 


10 

_UL 


0.1T44 
-U 


14.4TT3 

7.1722 


12T.T74 

2*9.220 


T. 124-31 
4.151-02 


0.4124 
A .1118- 


1.0443 

17.ITA1 


33.424 

20T.315 


3. *24-01 
«. 054-01 


28* 


0.T40T 

-fldtao? 


4.1240 

10117. 


2*3.112 

24-590 


1.094-01 

4.*1«-01 


20.0000 

9.0080 


204.1*0 

330.T74 


9.3*4 

-4T.Q9J- 


4.024-01 
T. 514-02 
«. 234-01 
1.0I»*00 


2.174-02 
1. *94-01 


101 


TAILS  A-  AS 


TABLE  A-  *« 


NUNItft  MIT  IOAVSI  SLANTS  ISA/ SLANT  I  (CRANSI  (D/S/CNI 


102 


1UU  A-  tl 


103 


tail*  a-  *1 


flADT  JUUM1_1UJU!A8TJ 


JJm  rj^  ljiwi jJij  *  'TAja  Kill 


ikfH'liS  COUNT  IW 

iamhi  »lam  *6i  . si _ uu  JiiSMi—m-MUtti 

NUNOIA  MA*T  ICAVJ)  ALANT 3  (UN/KANT  I  IMAMS) 


I O/S/SMI 


4102  LEAVCS  *•)  10 

44flj  -iUg _ 41 _ U _ 

64<)-.  LEA  VIS  SI  S 


LEAVES  HI 


0.4401 


i.essi 


22.0*01 


2. AMS  4771.11 


2. IOU  4S11.4SI  1.341*01 


4.4A71  4041.312  1.310*01 


1.1701  112.234  3.471-01 


3304.440  1.070*01 


{I'll  V 


7012  MMU17  124 


[tmfwn’n  u>l 


S3. 044  1.7SA-01 


NUNMR  MAI  I  OR  VS  I  PLANTS  (ON/PLANT)  IGRANSI  lO/S/CM 


JIMi  MM!  IQ 


NUNBEA  COUNTING  SPRCIPIC 

NUM1R  PART^  ~ I0AVS»  PLANTS  IGN/PLANTI  ^RARJl”1  ff/S/GM 


105 


NUN* 

SAMPLE  PLANT  ACE  OP 

EA 

D*VJ 

VEICMT 

COUNT  INC  SPECIFIC 

DRV  UEIOHT  ACTIVITY  ASU 

NUMIE*  PANT  IOAVSI  PLANTS  10M/PLANT) 

1  CRAMS  1  IO/S/OMI 

7302  LEAVES  41 

_u 

71C4  LEAVES  34 


7304  LEAVES  41 


0.4*73 


2.744* 


7.140* 


3.73*0  124(3. *34  3.2*1*01 


13.734*  *7*3.434  2.20**01 


14.3112  7403.031  1. *3**01 


41 


MINK* 

5  *N?L.t ELAfl.1 _ *  It _ It _ 

KUPSEP  PART  ( CAY 5 1  PLANTS 


7404  LEAVES 


ICN/PLANTt 


COUNT INO  SPECIFIC 


4.4413  4321.174  2.3*i>01 


10.7143  7*44.041  l.*«t*01 


14.3423  4441.571  1. *7**01 


LI  J 1  rTFFJBB  rl  Vi  Ll'M 


7409 

LEAVES 

132 

i 

7.7151 

7.7191  10039.436  2.919401 

7409  . 

J_U 

_ i _ 

.  _li«C|43 

..1tgT|4flfl. 

I  7410 

PEELS 

112 

i 

10.7336 

1.1234  344.344  4.*3J-01 

7411 

NEAT 

132 

_ i _ 

4W2I0Q  - 

4.SQ00  141.310  4.TS4-01 

7412 

FRUIT 

132 

3 

69.9467 

13*3700  • 16.243  4.659-01 

7413 

EH 

■m 

t _ 

_ 1*11129 _ 

3.7929  4236.643  1.068*01 

COUNTIN*  SPECIFIC 


l.ll"  4  (ill  flM'l.k  Ml 


NUNBER  PANT  (OATS)  PLANTS  (CR/PLANI I  I GRANS  I 


7902  STEM  ill 

7903  _ TUB  IB _ IU_ 

7904  PEELS  ill 

JU1 _ BEA1 _ 111 

TSOA  BOOT  ill 


24.4191 

40.1074 

T.E490 

29.0249 

24.2422 


T.S490 
29.0249 
4. 1422 


1939.949  1.411401 
200.244  4. 440— 01 
944.090  1.34S400 


4444.044  1.494401 


TABLE  A-  T4 


PLANT  UPTAKE  SUPNART :  POTATO 


NUNBER  COUNTING  SPECIFIC 

OF  ORV  bEIGMT  DRV  WEIGHT  ACTIVITY 


NUNBEB  FART  IOAVSI  FLAN7S  ISN/PLANT 1  I  GRANS  I  (C/S/CN) 


T402  STEN  111 

7403 THEIR 111 


T404 

PEELS 
Pill _ 

111 

-111 

7604 

ROOT 

111 

rrrv-i’ii'i 


32.0T14  12.7314 

31.4740 _ 24,0210 

14.4221  14.4229 

14,2212  .840*11— 

1.4411  1.4411 


kXTVVl'MMni!  U  ll 


4041.414  1.414401 

-UU3M  1.13fcil _ 

•>.1.034  4.4TB-01 


4903.031  1.44(401 


TAIL  E  A-  TT 


NUN8EN  COUNTING  SPECIFIC 

MV  6CIEHT  OIV  UEICHT 


NUN8EN  PANT  (OATS)  PLANTS  ICN/PIANI)  IGNANSI  10/S/CM) 


irjJWW  v.i  :h  t  i — »i.vm  i  !■  i 


COUNTING  SPECIFIC 


NUN0EN  PANT  IDAYSI  PLANTS  (GK/PIANTI  (GNAHSt  IO/S/CMI 


7102  STEM  101 

.7103 _ JkUl _ lftj_ 

7806  PEELS  101 


bi  liU  l-IJ—  K  i 


7106  NOOT 


31.6736 

31.6277 

20.9196 


1699.032  1. 12(601 

_ 93.000  UtM-QI 

1  76.816  S. AM-01 


f  v-M  ■ini  I  n.*H 


2801. 342  9.13*. CO 


xmi  *-  Tt 


TAelE  A-  61 


PLANT 

LPTAKt-  tUMMAfiVt 

OTT ATr 

— 

S0|LI 

81 

MUNICH  COUNTING 

fit  fifty  UftffiHT  DftV 


MUNICH  HINT  I0AVS)  PLANTS  (GN/KANT)  I  CHANS  I  1 0/S/INI 


1102  STCN  100 


[  M  W1:  M.MVt'T  1 


1104  *001  101 


S0.T642  0.4141  1111.111  1.041*61 


4.4616  4.4411  2111.121  1.116*00 


M0I0NUC1ICH  1*-  01 


0*16  PLANTED!  113 


NUH6E*  COUNTINS  SPECIFIC 

S  APPLE  PLANT _ lif _ BE. _ BET  BAY.JltI.6HT  ACTIVITY 

NUNIE*  PANT  iOAYtl  PLANTS  IGM/PLANTI  ISAANSI  (0/S/CHI 


6202  J1EN  111 


8204  ROOT  111 


16.4166  4.4446  6414.147  1.416*01 


k! n > l n in PPv ( T  fll  I  ■Tli'l  a  il 


1  16.0216  14.0216  246.144  4.446-01 

1  1.7110  1.1110  5146.102  1.416*01 


Ill 


THU  »•  89 


flant  uftaki  sunniiyi  WHEAT 


SPILI  MiltfMfl  SANCV  CLAY  LOAN - 

aiflimacuati _ »-  n _ 

nimt  mu.  activity  uuuuui  4*4.70 


man  iutt;;at.iii _ 

o*ti  mum  jit — 


NUMCR 

at. 


jmul  itmti 


COUNTIM 

PAY  VEIOXT 


MUNICH  MKT  I  DAYS)  HINTS  CGN/HIMTt  (SUNS) 


INC  IN  1C 

ICJ-UXTT- 


(O/t/ONI 


-**U 


taxi  &H0I3  T 


C$02  S(L 

_ .taxi _ Hfifl. 


9504 

JMi- 


•906 

mu 


*912 

1111 


•91* 

tair 


oi_ 


LEAVES 
iXH.IL,  -  - 


41 

-AL. 


-ifl- 


10 

_a_ 


a.iini 


•  906  HEAD 

jtani _ nun- 


si 


STALK 

jiua 


94 

-ID- 


10 

_1D_ 


0.4*41 

■D«ilS* 


a  .uu 


•910  HEAD 

-tail _ sum 


70 

JtD- 


10 

-10- 


10 

_lfl- 


0.2000 

r.*44A 

0.2444 

afllAJL 


4.A40* 

o.am.. 


1UUM  -  4.  11*400 


2.0004 
4.4131  . 


1079.119 

-lti.m. 


LEAVES 

HUD., 


•• 

1L 


•914  STALK 


II 

_L1 


10 

_1D_ 


0.4277 

C.2C14 


2.4444 

-UUH0S. 


1444.340 

404.271 


2.411400 

A.DSXfll 


47 


10 

-10- 


I. 7411 

II. IU3L 


4.2770 

2.0140- 


234.311 

llfl.Ui. 


i. a 1*400 
1.04  *<01 


liia _ LEAVES _ SI- 


10 

JLfl- 


0.23T3 
■U214.1 


17.4911 

7.2447 


711.374 

1024.121 


9.141*01 

-2.400-fll 


0.4442 

a.2iat 


2.1724 

u  u  41  a 


123.420 

1141.003 


1.491400 

4.B401.M. 


•  911 
HU 


HEAD 

iLALK- 


LEAVES 
fiium  _ 


102 

-1D2- 


1920  CHAFE 


102 

102 


369 

_UL 


102 


10 

-220- 


0.4407 

JL3J2A- 

0.2121 

DHliS 


4.4422 

lUSli 


2914.440 

133.819 


2.771-01 

-lallOtflD- 


374 


0.2430 
T40LE  A-  44 


13.449* 

3.3244 

2.1211 

2flaOflOD_ 


1031.114 

2034.41* 


9.741400 

juflflisfli- 


2.111400 

4.941400 


114.414  3.411-01 


9.0000 


1714.411 

4D.341 


4.011400 

2.M1-D1 


333.947  7.471-01 


_ EUHX.  UPTAKE, -SUHJK.AAtl.  KBEA.T 


mu,  utaeDM.  modi  cut  icia 


utiiAum  ouamu.  u — 


itmm-.scu.-icuvi.TY  uii/ait _ uhu _ _ d*ie_x3er£E9!  is? 


NUMIEA 

-UE- 


QRY  VEICHT 


COUNTING 
DNV  WEIGHT 


hUHSEA  MKT  t  DAYS  1  HANTS  I GH/ FLINT  I  I  GRINS  I 


SPECIFIC 

-ACTIVITY. 


(D/S/CH) 


-ESU 


-Uldi _ mua_ 


1402 

EEfil 


1404 

_0*Di_ 


StL 
-  HEAD 


JLL. 


<404 

-»*DI 


STALK 

-LEAVES 


41 

-AJL 


JUL 


to 

X, 


.flaflSIfl, . 


1*01 

atos 

1410 

-1*11 


HEAD 

-HEAD- 


94 

-XL 


1412 

-**13 


STALK 
-LEAVES, 
HEAD 
. STAHL. 


94 

-ID- 


io 

ML 


1614 


LEAVES 

■tfEAD 


70 

ee 

li 


10 

_lfl_ 


0.9244 

juiau- 

0.2731 

D.42AJ 


j.Uiv _ »v.«Q  x sexto. 


9.2439 

iiUlL 


10 


0.3172 


2.7310 

JL.2I27 


1027.030 

-U5.C13- 


0.40*9 


3.1722 

.9030 


1367.442 

A12UAX. 


2.301400 
3j  112.-01- 


4.0*49 


274.044 

-UI-.3i.tL 


9.04*400 

.UOflAtflO 


4.111-01 

1x111=41 


162.767  1.93*400 


STALK 

LEAVE.5- 


81 

_LL 


97 

J7 


10 

1.4088 

14.0880 

131.334 

2.998-01 

10 

0.4090 

4.0904 

997.704  2 .1484QQ 

10 

0.2334 

2.3397 

2030.091 

4.948-00 

_iq _ 

■wrm 

■ntwi 

-  174.489 

HlHEHl 

10 

-lfl_ 


0.3401 

CH2.04- 


3.9009 

2.2031- 


1920.441 

2992.411 


3.408400 

■SjlZUAM- 


8416  HEAD  102  218  0.8111  12.7734  132.381  3.412-01 

8417  STALK  102  10 _ SLifill _ i*.0Ui _ -U.Q4.412_  .UAlltfflg- . 

1418  LEAVES  102  10  0.1308  1.3077  1794,, {16  2.908400 

8419  CRAIN  102  20  H _ 0.4494  20.0000  97.378  2.188-01 


4420  CHAFF 


102 


0.C479 


9.0000 


328.243  7.398-01 


12 


1114  HEAD  10 2 


111*  LEAVES  102 


210.411  4.020*01 


2210.340  S. 010400 


R1C1CHUCL10E!  5R-  15 


.-MU.-KLANTini.LM. 


COUNTING  SPECIFIC 


NUNOEO  FART  (OAVSI  PLANTS  IGN'PLANT I  I GRANS  I 


1002  SSL 


1101  STALK  47 

JUfll _ LEAVES _ 67 

ItlO  HEAD  85 


1012  LEAVES  05 


10  0.7020 

AC _ SUA2A4_. 

10  1.2913 

_LQ_ _ £>£012-.. 

10  0.1645 


rj  i  m 

3 


(O/S/GN) 


40.021  1.050-01 


n'Ki 


040.001  2.140400 


121*540  4. 150-01 


7.0210  341.401  1.120400 

2-1440 _ 1030.448  1.300400 

12.5133  44.020  2.178-01 

5.0114  541.150  1.030400 


0.1645 

1.4455 

1053.152  3.410400 

■  11  II  1  —1  HI  1  1  ■ 

1  M  II  OOP  II  1  1  II 0 

0.5172 

0.2221 

5.3110 

1.2215 

620.094  2.090400 

_  1220.404  3.010400 

1.1600 

0.4214 

16.5224 

6.2144 

40.703  2.210-01 

702.912  2.200400 

0.1007 

1.0066 

1280.113  4.140400 

■  nil  1^1  "Will  Bi 

M  III  1 1  HI  II 1 1 II 

0.0455 

5.0000 

215.082  1. 020-01 

TABLE  A-  AT 


8402  SCI  41 


8104  LEAVES  Si 


1404  HEAD  Si 


8401  STALK  AT 


SB  10  HEAD  IS 


AB12  LEAVES  SS 


8B14  STALK  14 


0114  HE AO  14 


Bill  LEAVES  14 


0.9224 


0.1154 


0.2119 


G.4S40 


1.1AA0 


0.2440 


0.41TI 


1.04S2 


0.3221 


2. 4120 


1.4940 


2.1141 


A.3S17 


11.4947 


2.4947 


4.1711 


14. 1049 


1.2241 


341.993  1.111*00 


449.742  2. 144*00 


124.174  4. 17B-01 


104.444  4.401-01 


74.S41  2.940-01 


1011.919  1.904«00 


444.917  2.191*00 


19.041  2.774-01 


444.421  1.211*00 


_ fUM-JWElAKe  SUMBAB7J  JOUEAI _ _ _ 


NUM0E3  PART  ( DAYS )  PLANTS  (ON/PLANTI  lORANSI  (D/S/Ml 


Plot  SAL  AS 


4104  LCAVIS  St 


4104  HCAO  51 


410(  STALK  4T 


4110  HEAD 


4112  LCAVIS 


4114  STALK  44 


4114  HCAO  44 


4114  LCAVIS  44 


4120  CHAPF  44 


0.4S01 


0.2250 


0.2405 


0.44TS 


’•I'Ll 


4.5011 


2.0252 


2.4044 


4.4710 


I’Ll’] 


1.1020  15.0201 


0.2122  2.1221 


0.5050  5.0444 


1.1420  10.2124 


0.22TS  2.2747 


0.0520  5.0000 

TAILS  A-  42 


472.414  I.S40400 


700.475  2.540400 


45.414  1.110-01 


411.774  1.140400 


41.151  1.040-01 


1154.004  1.740400 


457.005  1.140400 


44.414  2.240-01 


1001.005  1.520400 


144.005  4.700-01 


•151. If  11.1  1.1 


Dili  PLANTED  I  111 
-OAUJBtPAIDill? 


COUNT  INC  SPCC IP IC 


"i.vn  * 


ruimii 


NUMBER  PAAT  (OAVS)  PLANTS  (CN/PLANTI  I  OR ANSI 


4202  SSL 


4204  LEAVES  54 


4204  HCAO 


SZU _ ilAUL 

4212  LEAVES 


4214  STALK 
4214  HEAD 


0.3245 


0.1444 


0.2500 


nuwi 


0.1041 

a  .15  52 

0.4047 

.0..422J  . 


5.2445 


2.1457 


2. 1101 


771.441  1.41040? 


1451.320  1.410*00 


142.754  0.540-01 


1.4402 


5.3424 

1.5925 

12.3244 


2014.045  5.000*00 


1270.204  3.170*00 

2009.030  9.21110(1 
103.904  4.910-01 


4*10  LEAVES  102 

10 

0.1004 

1.0043 

2034.472 

5.002*00 

Bill  1  M 1  1 1 1  M 

222 

■uni'Wnu 

TAIL t  A-  91 


MU  SCI  41 


1104  LEAViS  94 


9104  HEAD  94 


9109  STALK  TO 


1111  LEAVES 


9114  STALK  4T 


9114  HEAD  102 


9119  LEAVES  102 


■wpn 

Kil 


0.9119 


0.1929 


0.IT21 


0.9ST4 


1.1999 


0.2192 


0.4TT4 


0.9912 


0.202T 


9.1190 


1.9291 


1.T209 


3.9799 


11.4999 


2.1424 


4.TT10 


12.9711 


2.0244 


T92.914  1.990*00 


1294.442  1.110*00 


291.944  4.140-01 


497.971  2.240*00 


112.997  1.120-01 


1404.749  4.920*00 


1111.149  1.270*00 


191.000  1.770-01 


3042.911  9.104*00 


MOIONUCLIBEJ  U-  13 


CATE  FLAHTE0I1J3 


COUNTING  SPECIFIC 


NUN41K  MAT  (OATS!  FLANTS  (GN/FLANT  >  1  GRANS) 


(D/S/6NI 


9402  SU  41 


9404  LEAVES  94 

-Hoi — am _ sa 

9404  HEAD  94 


9404  STALK  70 

1' 

9410  HtAO  19 

-3AU _ STALK _ ll 

9412  LEAVES  14 


14  HEAD  102 

,.14U _ STALK _ 1CUL 

9411  LEAVES  102 


0.4477 


0.1724 

0.4113 _ 

0.2381 


0.4771 


0.7443 

C.1070  _ 

0.1124 


1.7242 

_ 4.1132 _ 

2.3409 


v  i  °':i 


0.7519 

0.4297 

0.1401 


7.9432 

3-iDXOO _ 

1.1242 


2.9977 


9.4071 

-_4^S11 _ 

1.4001 


929.334  2.074*00 


1912.490  3.799*00 

_  414.449  1.094*00 


441.474  2.194*00 


174.4)4  4.414-01 

-3213.923  .1x231*00.. 
2102.143  9.299*00 


1244.414  3.124*00 


174.914  4.474-01 

1201.431.-  1x001*80 
2113.034  9.274*00 


sum _ elabi _ ut. 


PS 


n»v  yiicNT  o»v  mi  text  icti»ii< _ 41U 


NUOIIO  MM  IOA VS  I  SLANTS  (CN/ SLANT )  (MANSI 


NSBI  SMOOT 


11 


W02  LIAViS  41 


nai  mu 


MM 

was 


LIAVIS 

MALI 


*1 


S4 

U 


1)01  LIAVIS  «1 


mm _ sms. 


490S 

HOI 


LIAVIS 

ST1LM 


_AJ_ 


4510 

Hll 


TC 

JUL 


Dll 

MIS 


TASSIL  TO 
■IA1SII _ 122- 


4514 

1515 


STALK  102 

LEAV14  102 


4514 

2117 


HUSK 

-ULIL. 


102 

102 


KENNIL  102 

-CC1 _ 102_ 


10/S/Ml 


1JM1 


S.11S4 

I.M» 


-1*1001 _ IHIilM  1.2  TITOS 


9.9119 


17*7.111 


U.41ST 

_S*fiUAu 


-1*0200 _ 1111. SSI 


22.0219 


1I.4IST 
. 1.0140 


IS. 4195 
li.Tiaa 


4.4414 

l«U2i- 


1445.444 

-1102*441 


4. 141400 
4-444*44 


1541.452 


4.224*00 
». 144*40 
1.101*00 


4.7990 

2.1471L 


4.4449 

1«»200 


1001*017  1.100400 


20. HIT 
20*0011- 


4.T140 

-1*1410- 


ITS4.049 

1244.140 


10.0211 

JU2C40- 


12.4117 

■laim. 


204.000 

.111*120 


1.044*00 

2-444*40 


21.0910 

1*1111- 


10.0211 

0-T440 


411.047 

1449.114 


44.7142 

1.1101- 


112.021 

.112*171 


14.494 

112.042 


4.  MI-01 
1.444*40 
1.144*40 
*.444*00 
2.444-01 

2.010rjg 


1.194-02 

l.llfcfll- 


TA2LI  A-  44 


_ SLAKI-tlgJiaL.lUKBASTi . COBH _ 


SL1LI  HANFQBO  UM>  CLAY  LOAN 
...  KAEIOHUCI  IDE  i  5«-  II  ...  . 


_ CONI4IH9K  NUH41KI  44 

_ DAT!  SLANT 10;  111  . 


MINOS A 

-UU£L£ _ CLART _ All _ Of 

NUNICO  SANT  (DAYS)  SLANTS 


I6N/SLANTI 


COUNT IN6 
1ST  MHfit 
IGKANSI 


SSICISIC 
ACHY  LIT. 
IO/S/ON) 


9401  SHOOY  27 


4402 

.1401 


4404 

*404 


LIAVES 

JIALIL 


440* 

1001. 


LIAVIS 

_SJALK_ 


41 

-Oi_ 


_lfl_ 


C.41P4 


leaves 

-UOUL 


54 

.44 


1*01  LEAVES 


*1 

-01. 


9*10  TASSEL 


70 

JML 


4*12 

MH 


STALK 

LEAVE! 


70 

1A2- 

102 

102 


4*14  HUSK  102 

_ 1014 _ SUJS _ 102 

4414  KERNEL  102 


4.0010 

-1*1000.. 


4.44*4 


15.0444 

-1*1110. 


4.5110 

?«24T<L 


1410.044  1. 741*00 


12.4151 

7.4114 


15.41*0 
— 21*0220 — 
4.7540 

_ 1*0220 

24.9422 
24*1110 


15.0444 

-1*0114. 

5.4911 

1.4195. 


2445.7*0 

2112*714. 


1490.451 

1500.412 

1774.751 


5.4*>9«00 

5.749*00 


4.490*00 

0*142*00 

1.400*00 


4.0940 

iiim. 


1425.141  9.449*00 


1494.144 

-331*333- 


9.219*00 

2.199*00 


4.5272 

1*0140. 


4.T540  191.579  7.479-01 


14.0922  594.922  1.519*00 

1.4110 nt7.HI  ,.4«T0l*0fl 


21.9111 

1*2133-. 


4.1272 

-1*0140- 


50.1044 

11.5149. 


144.129 

103*294. 


9.729-01 

4.179-01 


17.451  1.419-02 

99.40*  1.991-01 


117 


MUNICH  HINT  (CIVS)  PLANTS  (BN/PLANT  I  (CHANS I 


(O/S/BN I 


1704  LEAVCS  S4 


4704  LEAVCS  41 


*701  LEAVES  70 


17.774} 


14.4107 


14. 4S1S 


\C.4JJ4 

4.  ,u> 


I'FTT  li  HMM  I'n  Til  HK  C  J 


1171.714  4.141*00 

1474.443 
10)7.744 


1941.144  }. 490*00 


4710  TASSEL  70 

JUt 

4712  STaLN  102 

4TI 


4714  NUSN  102 


4714  NENNEL  U  2 


22.1900 


249.421  4.410-01 


929.744  1.110*00 


COUNT  INC  SPECIFIC 


118 


90.249  l. 431-01 


COUNT  INC  SPECIFIC 


NUNtE  *  PART  I0ATSI  PUNTS  IGN/ PLANT  I  ( SPANS ) 


niiuifti 


(O/S/CNI 


120 


10302  LEAVES  41 


10104  LEAVES  94 


10304  LEAVES  41 


M  »  I'liVI  f  '1  4 


10300  TASSEL  41 


7.1014  1.7132  2404.091  4.710*00 


13.0423  13.0420  2300.214  4.400*00 


27.0124  4.3324  2217.101  3.900*00 


11.1910  11.1910  171.129  0.120-01 


>nn>l 

im| 

tTTTl 

htti 

iTWTTTi 

mm 


U'M 

TjjTi^KjfTT  U'l 


10112 

HUSK 

TO 

M  I  II  1 " } 

_ UL 

10314 

SILK 

70 

922.404  1.100*00 


110.741  1.440-01 


10110  MUSK 


lUlilBi  II 


10120  KERNEL  102 

_ 10121 _ Cfli _ UU_ 


0.1044  0.9044  201.000  9.070-01 


10.4021  49.2110  14.020  1.100-02 

- L0.04AA _ 1*1201 - 111.  417.  l*B48rCL 

TAILS  A- 104 


f. 

r 

NUHOER 

SIMILE  RLAMT  ACE  OF  DRV  HEIGHT 

COUNTING 
DRV  HEIGHT 

SFECIF1C 

ACTIVITY 

ASU 

| 

NUHOER  FART  (OAVSI  FLAN7S  (GM/FLANT I 

IGAAHSI 

10/S/GRI 

LEAVES  94 


LEAVES  41 


TASSEL  41 


pffii 
pa 
Pksi 


Jm 

IlUHl 

pnTTl 

mill 


10.7409 


2710.404 


■mW  fcjMTTTll  U- 1 

BTTmTWHvi  U'( 

pfmHlRuSI 


401.010 


0.230-01 
JL 
1.730*00 


200.710 


937.109 


kn^L'VlTM  U'l 


■  r.W]  4 


STALK  102 


ImAJiWtI 


10.9120 


9.210-01 


1.148*00 


1.798*00 


10410  HUSK  102  1  11.7220  11.7220 

107.121 

l  4.018-01 

KERNEL  102 


31.1002 


in  \  i  a*i  i 
IT™Twu!nTI 


HUMIC* 
fl* 


NUNIER  MM  (CAYS I  HANTS  (GR/PLANT)  (CHANS)  (D/S/GNI 


10902  LEAVES  14 

OM11J _ SHU _ 34 

10904  LEAVES  42 

10909  STALK 


10901  TASSEL 


10910  STALK 


10912  EAR 


10914  HUSK 


10914  STALK  40 


10911  HUSK 


10920  KERNEL  90 


•  I'l-rl  1 


7.1199 


17.1440 


4.1140 


49.0193 


3.1113 


9.0114 


23. 9001 


4.1319 


10.0003 


TAILS  A-104 


107.211 


101.309 


12.4291 


3.1111 


9^-0114 


9.0401 


4.1119 


21.4027 


7.941 


21.490 


11.091 


(>.104 


1'r^.T  TNrn  i  t  □  ) 


2.911-01 


2.121-01 


1. 111-01 


2.101-02 


4.011-02 


2.421-02 


1.401-02 


9.011-02 


1.T9I-02 


1.171-01 


ML  rtl  far- 


IHVrVl1,I<  a*r< 


!  70  1027  DE0REE5  C 

BATE  PLANTED :  161 

LU-JU.M _ 

DATE  EMERGED  t  161  _ 

NUHIER  COUNTING  SPECIFIC 

SAMPLE  PLANT _ Ail _ OF  CRY  4E1GHT  DRY  WEIGHT  ACTIVITY 

\UMIER  PART  (DAYS)  PLANTS  (GK/PLANTI  (GRANS)  (D/S/GNI 


.AW _ 


10401  TASSEL 


)  STALK 


2.2111 

0.1110 

10.4999 


<  TT4*-I'l 


my^^vinnwn  lt  a*ri 


10414  STALK 


10411  HUSK 


14.9239 

2U9UL 


10.4999 

_4.*100 _ 

7.0240 


1.3430 

3.9701 

13.9364 


10.4339 


14.144  3.791-02 

.4.399  2  Oil- 02 _ 

11.809  3.171-02 

OH2S4  -lifllfcaZ- 

9.860  2. 642-02 


hml-BiVlilu'rl 


1.612  4. 324-03 

2AI9IT.112- 
2.077  9.971-03 


FrtvlK  nif  Q'Fl 


0.920  2.471-03 


0.904  2.432-03 


4.046  1.093-02 

WHS _ W2AI--J32— 

2.483  6.662-03 


NUNIIR 


COUNTING  IPOCIPIC 


NUNIIR  MIT  I  OATS)  PLANTS  (GN/PLAN7I  (GRAND  I0/S/4N) 


10710  STALK 

-LUU _ UiitL 

10T12  CAR 


10714  HUSK 


14. ISIO  14.4210 

-Jiiui _ iauL 

1.2545  T.2SIS 


S.TSS4  I.7SS4 


14.4T1  1.444-02 

lUll  4.204-01 
2.424  T. 040-0) 


1.40*  1. 000-02 


COUNTING  SPiCIFIC 


NUNOiR  PANT  ICAVSI  PLANTS  (GK/PLANT)  (GRANS I 


(0/S/CHI 


LEAVIS  42 


LEAHS  SO 


I*!  I* » flWf  m 


TASSEL  St 

_ mom — jo 

STALK  74 


HUSK  74 

TASSEL _ M_ 

STALK  90 


HUSK  40 


KENNEL  90 


IHIIH7VIL' 

si.hchilc 

nTIwTm 


1.2200 

_ 1.5111 

u.itso 


4.5142 

_2*1202_ 

1.2134 


1.1715 

— IJ241 _ 

25.4147 


12.4117 


22.3511 

»hSI83. 


42.757  1.010-02 


144.547  1.0)0-01 
113.414  IcflOOrJl 
145.102  1.310-01 


Lin  Mflinv)  3'r. 


127.401  4.470-02 


I inii  ji  r**|  at  . 


51.074  3.710-02 

_ 103*537  T. 3 10-0  2_ 

37.059  2.410-02 


hi  Mi  H71  rl  a-Y 


41.725  2.114-02 

47.417  1.170-02 


12.431  4.020-03 

_ 2±«ifi7__UlifcSZ. 


COUNT  1M  pecipic 


NINE! A  PART  lOAVSI  PLANTS  1CH/RLANTI  (CRAMS)  ID/S/CMI 


11102  STEM  99 


UI04  PEELS  H 


IllOt  HOOT  H 


ii.iin  i.avto 


27.4940  17.4940 


T0.9I4  1.444-01 


1.444  4.414-09 


94.924  1.974-41 


l.l ari  1 1  uil 


NUN4ER  PANT  (0AVS1  PLANTS  IGH/PLANTI  I  BRANS)  I0/S/6M) 


11202  SHOOT 


1441+] 

IMI 

lift" 


11204  STALK 


4  7  V)  >4 

mt 

TTh 


11204  HEAO 


llrHI 


Hf  ill 


11204  LEAVES  91 


11210  STALK 


11214  STALK 

mu _ tusts 

11214  CAAIN 


FTTTl 

[PHU I 

wm 


0.1991 

.1047.7 

0.4179 


0.4941 
.  0.1446 
0.7910 


20.0000 


4.994-02 


9.944-01 


4.914-02 


4.114-02 


1.224-01 


NUMBER 


COUNT  IRQ  SPECIFIC 


SAMPLE _ PLANT _ AGE _ HE _ PRY  HEIGHT  CRY  PI  I  CUT _ ACHY  m _ ASIA 

NUMBER  PART  (OAYS)  PLANTS  ISM/PLANTI  (SRAMS t  (O/S/SMI 


11101 

SHOOT 

21 

10 

e.oAoi 

1.1044 

12.033 

3.211-02 

11102 

SHOOT 

34 

30 

0.20IS 

4.1441 

4.211 

2.411-02 

11301 

LEAVES 

42 

JJl. 

0.2031 

.  2.0377 

8.433 

2.121-02 

11104 

STALK 

42 

10 

fl.HIS 

3.1134 

2.417 

7.111-01 

11109 

HFAD 

42 

10 

0.1*1* 

-  1.4130 

.  . 1.4.40 

kUHL 

1110* 

NEAO 

SI 

10 

0.S2II 

3.2413 

0.444 

2.331-03 

11107 

■urm 

11 

10 

0.7172 

2.4A1 

mot 

LEAVES 

SI 

10 

0.2411 

2.4112 

4.301 

2.441-02 

11109 

HEAD 

_ 1A. 

10 

1.1114 

13.1143 

'wKiim 

1.331-03 

11110 

STALK 

7* 

10 

0.4131 

4.1301 

4.413 

1.341-02 

mu 

LEAVES 

74 

10 

■WTTTB 

2.3244 

4.434 

IHNS'H 

11112 

HEAD 

IS 

10 

1.44S4 

14.4431 

0.444 

2.471-01 

uni 

IS 

10 

mwvum 

■  IIIIIB 

■  W  II  1  II 1 

11114 

LEAVES 

IS 

10 

0.1414 

1.4143 

4.744 

2.431-02 

11111 

246 

■iTWllTB 

4.3*1-07 

ini* 

STALK 

40 

10 

0.4421 

4.4213 

4.743 

2.411-02 

1  HIT 

LEAVES 

90 

10 

o.isi* 

1.31  IT 

3.144 

1.041-02 _ 

uni 

GRAIN 

40 

236 

0.1421 

20.0000 

0.437 

2.371-03 

_ sun 

— ChAfE _ 

_52 _ 

— 11»  GAIA — 

_ S.flflftfl. 

3.371-03.  .. 

TAiLE  A-IU 


JLAMULlglAKi  iUMMAAYJ. _ KHEAI. _ 


SCILI 

hanpopo 

SANDY 

CLAY  LOAM 

CCNTA1NEP  NUMKERl  114 

RADlONUCLIOEl 

HtATIO  1C 

-UttJitfiRtES  C 

OAJE  PLANTED  *  145 

_ TNIT1A1 

SCIL  ACT IV 1TY 

(O/S/CMI 1 

372,90 

DATE  EMEftGEOl  171 

NUMBER 

CCUNT INC 

SPECIFIC 

SAMPLE 

.PLANT 

AGE  _ 

OF  pRY  yfiQ^T 

DRV  WEIGHT  ACTIVITY  ASU 

NUMIER 

PART 

(OAVSI 

PLANTS  (GM/PLANT) 

(SPAMS  1 

(0/S/GMI 

11401 

.  21 

30 

mm 

1.54  .4 

11402 

SHOOT 

34 

30 

0.2277 

4. IMS 

18.661  3.001-02 

-  11403 _ 1  LA  Y1S. 

42-..- 

_ 10 _ 

S.2UJ . 

_ 2*L7k> 

_. 2JU1S1  SaiY-Si— 

11404 

STALK 

42 

10 

0.3314 

3.38*1 

6.636  1. 781-02 

11403 

HEAP 

42 

10 

0.1194 

1.85*1 

3*231  8, 661*03 

11404 

HEAD 

31 

10 

0.4110 

4.1245 

2.648  7.231-03 

UNO  7 

-STALK 

91 

10 

0.7040 

7.0403 

11401 

LEAVES 

31 

10 

0.2176 

2.3740 

20.830  5.342-C2 

.  .114114 _ NEAO _ 

It_ 

_ IS— 

1.4312 

.24*3117. 

-J 2*871  7J.01-C3 

11410 

STALK 

76 

1C 

0.7237 

7.2344 

4. 799  2.632-02 

_ llA  11 

leaves 

_ It. 

AC _ 

0.2442 

2.4417 

t. *33  tf7il-0? 

11412 

HEAD 

as 

10 

1.4431 

14.4304 

1.196  3.211-01 

U413 

STALK 

65 

1C 

tniT'.Hi 

11414 

LEAVES 

85 

ia 

0.1148 

26.000  6. 472-02 

11415 

HEAD 

4J0. 

25JL 

1.1112 

14.3*21 

1.736  4,652-03 

11414 

STALK 

90 

10 

0.3216 

5.2855 

15.497  4.242-02 

11417 

LEAVES 

30 

1C 

0.1**2 

1 .6620  32.407  *.*02-OJ 

11418 

CRAIN 

VO 

241 

0.4141 

20.0000 

0.883  2.371-03 

puna 

icma 

241 

0.0405 _ 

HnT'T'M 

126 


COUNTING  SFICIFIC 


11901  SHOOT  19 


11904  HCAO  41 

11909  HMD _ 14_ 

11*0*  STALK  9* 


11901  HCAO  7* 


11910  IEAVCS  7* 


11911  STALK  C9 


1191*  IEAVCS  40 


11911  CHAFF  40 


0.04*4 


o.acst 

urn 

0.*«9* 


1.1*99 


1.09*1 

jjiil 

4.1997 


1.4431  14.4*7* 


0.1(71  i.INI 


0. *019  4.0194 


1.1*24  11.7991 


0.1744  1.7411 


0.0114  9.0000 


TAIL*  A-1L6 


21.491 


14.111 

JUll 

14**11 


1.910-02 


1.941-01 
L.411-QZ 
1. 111-02 


(.400  9. 411-01 


11.141  2. T0t-02 


11.40*  (.170-0* 


7.7*9  9.4*0-01 


12.7(4  2.110-02 


14.110  4.440-0* 


LmiHirriia'M 


COUNT  INC  SMC  IF  1C 


NUN8ER  MET  (DEVS I  FLEETS  ICN/NLANT I  IORANSI 


IO/S/ON) 


1170*  LEAVES  TO 


I1T0E  ELONER  TO 


1I.4T30 


1L.CTS0 


IIW<k 

m 

Hi 

m 


I1T10  STEM 


11712  NEAT 


11714  ROOT 


II.M1  7.701-01 


11.390  1.090-02 


40.090  1.010-01 


1.020  4.901-01 


10.002  4.090-02 


COUNT  INC  SEECIFIC 


I  I  I  I  H  M  H  I  I 


niiiiiu 


_ u. 

11810  STEH 

_ mu _ ti£u 

11812  NEAT 


38.9124  2.9124 

9.429? _ 1.9799- 

94.4400  10.1100 


22.399  4.018-02 

4.228  1,470-02 _ 

0.944  1.448-03 


TAOLE  A-115 


NUMEH 


COUNTING 


NUNBCA  PANT  (DAYS)  PLANTS  I6K/PLAN7 I  (CIIANSI 


(C/S/CNI 


11502 

SHOOT 

17 

10 

HI  M  Mi  l  t  |iM 

_ U _ 11 

11504 

STALK 

51 

10 

I.MII 


I.11M 


*15,  2  IP  l.HHOO 


11 


11514  LEAVES  54 


1151*  STALK  1ST 


11511  CHAIN  101 


1.2750  12.7500 


0.1111  1.5712 


0.47*5  4.7*52 


0.*200  20.0000 


12.107  1.070-01 


545.550  2.000*00 


150.151  1.100400 


22.721  7.5*0-02 


COUNTING  SPECIFIC 


1^11  in 


NUNOEH  PANT  (DAYS)  PLANTS  (GN/PLANTI  I6KAH1I 


12002  SNOOT  IT 


12004  STALK  *1 


1200*  HE  AO  71 


12000  LEAVES  71 


IMMM1VT1 


12012  HEAO  54 


12014  LEAVES  54 


1201*  STALK  10T 


1201*  CHAIN  107 


0.11*1 


IHr»l 

rWTTTl 

m j 

pj 


I  I'M! 

rrtn 

nrtl 

rm 

fttzi 

mn 

iTTyI 

rrm 

rrm 

lttti 

r*m 


415. lit 


Wm 

rsnni 
TmTPi 
■jinj 

IT5-M1 

Iwtri 

I 

PUPTUI 


42.510 


475.157 


2.0041 


4.251* 


20.0000 


40.124 


504.757 


104.402 


7.540-01 


1.410-01 


1.140-01 


1.200*00 


WPIIH  l  OWN 


_ mm  m _ cf  ary  miiihi  jmulm 


NLM4CK 

FAST 

( CAVS1 

PUNTS 

KAANSI 

io/s/oni 

10101 

SHOOT 

24 

10 

4.A411 

1.1341 

144.112 

1.011*00 

a.ioi  shoot 
_ uuu _ huo. 

31 

30 

_ Ifl _ 

0.0747 

Q .2.44*  _ 

2.2944 

99.741 

J4JH- 

5.524-01 
5.031-12 — 

20104 

20104 

STALK 

LOAVES 

3) 

31 

10 

10 

0.3727 

0.2325 

1.7270 

24.447 

41.371 

1.441-01 

5«O54-0L 

20104 

HEA0 

71 

10 

e.«»s 

4.2)30 

15.144 

4.404-02 

20107 

ftlALK 

71 

10 

o.ioai 

36*110 

1.5*4-01 

20104 

LEAVES 

71 

10 

0.3440 

1.4)99 

11.001 

1.954-01 

20104 

HEAD 

40 

4 

0.4444 

1.5*00 

0.22) 

*. 444-01 

20110 

STALK 

•  0 

ll 

0.75*0 

4.2725 

33.045 

1.444-01 

20111 

LEAVES 

40 

li 

o.io*A 

1.1434 

*4.344 

5.975-01 

20112 

HEAD 

94 

10 

1.14)4 

11.4340 

10.437 

9.774-02 

20111 

STAIR 

44 

10 

C.44A4 

'VWTTTh 

...an 

3.104-01 

20114 

LEAVES 

94 

10 

0.2744 

2.7444 

44.994 

5.3*5-01 

10115 

HEAD 

107 

44 

1.0613 

4.1441 

10.270 

5.455-02 

20114 

STALK 

107 

IQ 

0.5419 

5.4144 

45.350 

5.415-01 

10117 

leaves 

10 

0.1344 

1.3433 

44.14* 

1.705-01 

20114 

HE  A0 

107 

•t 

1.0724 

12.2101 

7.404 

*« 101-02 

20114 

STALK 

107 

10 

0.44** 

4.4453 

13.503 

i.iCK-ai 

20120 

LEAVES 

107 

10 

0.1219 

1.2194 

217.520 

1.205*00 

20111 

BRAIN 

Hi 

lit 

0.9212 

2 C. 00 OO 

4.400 

1.3*5-02 

20122 

CHAFF 

111 

137 

0.0394 

3,0000 

19.2*5 

1.07t-01„ 

M  1  J I  W 

Grain 

3-m  oon _ 

zojhjo 

4.  2  00 

2.33*  10"* 

TAIL!  *-201 


.  _Mfc£AT 


mu  tiff  um  cut _ tmum  amnsi  mi 


USIONUCLUU  57-  15 

BATE  tUNTEO' 

170 

INITIAL 

SC1L 

ACTIVITY 

ID/S/GM) *  110.40 

BATE  ENE«BE0< 

177 

i«WU 

PkSNl 

[  AGE 

NUM4ER 

Df  .05 Y.  MUiHJL 

COUNT  INC  JFECIFIC 

PRY  WEIGHT  ACTIVITY 

»ML~ 

number 

FART 

<CAYS> 

FLANTS  (GM/FLANM 

(CRAMS  1  ID/S/6IU 

2020 1 _ SHOOT 


?o2oa 

JJA191- 


20204 

2fizoa 


SHOOT 


Jl. 


20204 

1UQ1 


STALK 

UAVI5 


3T 

JL 


ifl _ Q.QT4S _ 2.43*0 _ UlitJg  lihHl 

SC  0.0474  2.4214  102.440  3.704-01 

ia*m. 


20201 

JfiiflL 


HEAO 

stalk 


9) 

JL 


20210 

JJ2IL 


If A VC S 
HEAP 


11 

-XL. 


10 

Lfl_ 


0.0474 

■Qaisac 


71 

JL 


10 


0.4041 

fliim 


2.4214 

2.5300. 


20212 

-XC1UL 


STALK 

itms 


20214 


HEAD 

stalk 


40 

JL 


10 

UQ 


0.1404 

fluua 


4.0415 

-LI1A9 


44 


10 

OIL. 


0.1107 

JJ131 


5.40)4 

7. «4T 


24.1)4 
.  14.041 


3.704- 

4.4*1-02 


20214 

MllkT- 


LEAVES  94 
HEAP  107 


10 

-U_ 


0*5470 

cans 


1.1044 

8.1UL 


4.122 

Jli5U 


1.414-01 


20214 

.ma- 


STALK  107 

LfimS  1Q7 


10 


0.9411 

Btina 


5.4444 

1.41)0 


54.407 

JiiiL 


4.494-02 

H21I-01 


20220 

-JQ221 


HEA0 

stalk 


101 

Ifll- 


10 

Oft_ 


0.2141 

1.0911 


4.4104 

JkiiaiL 


34.  SSI 
71.044 


3.154-01 

4.144-02 


LEAVES  107 

■BflAlh  _  ILL. 


10 


0.3440 

OxUU- 


2.1409 

-iaifiL 


7.145 

!4iiPi 


1.411-01 

3i.43.ir.0L. 


4.014-02 

3.911-01. 


97.413  5.414-01 


10 

140 


1.0426 


1.44Q2 

.nun 


2C222  CHAFE  111 


0.1447 

.0^113 


11.2307 

-1.-1131 


54.442 

42.113- 


0.0357 


1.4447 

20.0000 


4.542 

51.5)7 


5.0000 


41.245 

JilSl. 


3.241-01 

*■371-01 

5.294-02 

3.291*01 


4. 444-01 


22.902  1.274-01 


130 


Mill  *-*«» 


30101 

If AVIS 

69 

10 

0.0360 

0.3307 

993.110 

6. 010400 

30100 

HUD 

71  . 

10 

U1U- 

l.ii »* 

H4.101 

1.111*00 

10110 

stalk 

71 

10 

0.0901 

0 .9*00 

70*. 093 

6. 132400 

30111  Limn  71 

ML 

0.0296 _ 

0.2119 

J9J  .124 

-UMiM. 

30112 

HMD 

09 

107 

0.0691 

6.0*63 

112. *37 

It  991400 

132 


TASLE  A-302 


COUNTING  SRICtRIC 


NUMBER  RANT  I  CATS  I  RIANT!  (CN/RIANT)  (CRAMS ) 


ID/S/CR) 


30203  SHOOT  3* 


30204  STALK  43 


3020*  HEAD  *3 


30201  LEAVES 


30210  STALK  TO 


30212  HEAD  33 


30214  LEAVES  33 


3021*  STALK  33 


3021*  GRAIN  33 


(■Hi  I 

rtrH 

rTTi 

Ea 

grrni 

3  0  ((■ 

rFfrTTa 


rryfi 
rrni 

m 

mft 


20.0000  20.0000 


•3A.BTT  7.27(400 


131.310  1.140400 


373.(31  4.33(400 


4ST.T53  3.71(400 


130.343  1.310400 


124.200  T. 1*0400 


33*. 734  (.14(400 


101.31*  (.100-01 


TA(L!  fc-303 


RACIONUCLIDEl  SR-  (3 


JJAlLlUJ-TiBl 


COUNTING  SRECIFIC 


NUMBER  RART  IOAVSI  RLANTS  (CN/RLANT I  10RAHS1 


ID/S/CHI 


30302  SHOOT 

1C1D.3 - UUU] 

30304  STALK 


2.2*1400 


133.(33 


I 


30402  SHOOT  SO 


>0404  STALK  44 


kl'LT'Vi 


>040*  HEAD  AS 


>0400  LEAVES  AS 


30410  STALK  TS 


>0412  HEAD  M 


30414  LEAVES  44 


0,1247 


0.1144 


334,427  2,41(400 


mm 

pa 

Wm 

pa 

u 


li'Ini  X 1 


104.1*2 


Ki-niii 


271.401 


114. 42« 


4.494-01 


S. 14(400 


2.34(409 


4.444-01 


3.32(400 


3041*  STALK 

44  10 

0.1022  1.0219  313.404  2.72(400 

_ 0.0172 _ 0.1714 _ *94.42*  1.71(400  _ 

3041S  6RA1N 

44  1 

20.0000  20.0000  *1.27*  9.320-01 

TAEL*  A-30A 


. 

SAML 

PLANT 

HUM* 
ACE  OF 

ER 

CRT  VEICHT 

COUNTING  SFECIFIC 

DRY  HEIGHT  ACTIVITY _ ASU _  '< 

NUM9E 

_ 

R 

FART  (OATS!  FLANTS  IGM/FLANT 1 

(CRAMS)  (D/S/GM) 

n-rvil 


30*02  STEM  22 


1449.(34  1.74(401 


1 _ 

mm  — 

1 

14.4479 

1334.021 

1  1.1»0«OI 

■Jm'LiflHTv!  I  LI* i’l 


2144.3*3  1.9t(401 


I'fT'il 


30*10  FLOWER  AS 


n-riii 


I  I  -T.l  i  +1 


30*12  STEM  79 


FI'IHI 


30614  LEAVES  44 


uulll 


10*1*  FRUIT  44 


30*19  HEAT  112 


0.4(4* 

-ltuis* _ 

27.2077 


?TnpE1 


H 

[•Hvlil 


723.37S  *.24(400 

717. S24  -  (*S1«*HQ- 

*92.944  9.43(400 


FU  PI  >1  ■n.n  u'i'i 


1372.9*4  1.19(401 

44. *70  4.324-01 


KT1UWUIM11 


4A.2A*  4.024-01 


TAIL!  A-J07 


uMiMjwggmi  _..icgm_ 


~mu  BAhffiHB  mmr  m  mi 


liuantum  *»-  m 


Kit  in. in 


_cbnu  mt»  mn  i  in 


lut-iimm.  in 


NUMIIR  KART 


HMII 

_ 01 _ 

I  CATS  I  HANTS 


(GR/RLANf 1 


COUNTING 

UUUKJUH 

(GRANS) 


IKtCIRlC 
-Admit . 
IG/S/CNI 


l.lflfli  , 


JJU1 _ Ulloflfll  1.1 


10702  ST9N 
-UM3 _ tutu 


22 

1A 


3  CIO* 

ism  - 

STEM 

.  um. 

34 

-AX 

30704 

STfH 

41 

m. 

flcveu 

-AX 

0.10*9 

Mtil 

urn 

Ut.*11Q  . 
IS. AMO 
n-Atun 


1.4120  >021.202  2.A1I<01 

I.1UI - UTT.SOO  2. 012401 

9 .1104  22AI. TOO  1.091*01 


19.9100 

o.soia 


1000.029 

-AA1.UA 


1.091*01 

14M1M 


10701 

llim 

69 

1 

11.9190 

ltm  StEM 

-13 

1 

_ UmiiM 

.-UOAXL 

10710 

M.0MER 

49 

1 

Q.20I! 

0.2019 

_ mu 

liAKil  - 

_ L> 

14-7171 

_L4«7771- 

10712 

10711 

stem 

FLCMEft  _ 

?• 

71- 

30714 

LEAVES 

94 

-ions . A.1AN 

tt 

10714 

mu 

FRUIT 

jms . 

44 

111 

1071 1 

HEAT 

U2 

.J07U- 

-Hi 

29.1201 

fl.AJ.fll 


9.1101 
.  fl.Aflfli 


1000.900 

not. AAA 

*011.900 

2iauu 


21.9.000 
JIA.AU  ■ 


1.090*01 
l.QSttQl  . 
0.029*00 

lxlillflB _ 

1.999*00 
7,TC1-01 _ 


10720  KRUIT  112 


*•7100 
A*9iflfl  _  . 
1.1100 
7.1100. _ 


1191.100 


97.010  9.019-01 

iilooo  iloii-oi 
97.113  5xfll»-Ql 
*7.100  *.129-01 

Ai.UA__A.J5l.-fll- 


7  All 1  A-101 


RUNT  VHMt.  iUKNART:  TCMTB 


-  AX ItA— .  HADPCIUL  A  AllCy  tUT  1BA0  . 


tamma  muum.  m 


RAflIORUCUOt!  _AR-  15 


li—Alflalfl 


DATA  UAMTCOl  ITS 
.  CAUtNIKCEO  1. 177 


JPLA(tT._ 
4UM86*  f«T 

tit  _ 
(OATS) 

MUHBtft 

4L4NTS 

-OMLtfttW! 

<G*/FLANTI 

COUNTING 

MXHCWKI 

(GAAASI 

sue  ir  ic 
ICTJUTT 
<C/$/GHJ 

-JSy  _ 

3.441401  _ 

LEAVES 

11  _ 

2 

J..14S7 

2.1414 

30402 

sum 

22 

2 

0.4354 

0  *>  ITOf 

1250.015 

2.42  4*01 

_ iflioi 

urn 

_u  _ 

1 

9.9910 

_ 3112(712-  2*7tltOL 

30404 

STEM 

16 

l 

5*0412 

5,0412 

1443.12* 

1*401401 

_ 30909 

—LiAViJL 

« 

i _ 

— u.tm 

UaJTQJ 

3194.921  2,7«t*0 1 

3C4C4 

STEM 

44 

1 

11.9255 

14.4255 

1704.054 

1*444*C1 

— ant , 

emm. 

. -91- 

_ i _ 

—  II 1  1  !,■ 

■■rwxrnBB 

■  it  nria 

10901 

ie*ai_ 


LEAVES 

-UHL 


09 

.15 


',910  KLCNER  05 

■  ’in _ uras _ u_ 

,912  STEN  T9 

mu — tuaji— II 


3091* 

30919 

10910 


10919 

JfltUL- 


1C920 

_l£lil_ 


f  AUI7 

-EB1U1- 


lit 

-1U 


10122  KAU17  112 
_  30221 —  f*U!T. _ Ui 


12.9799 


1.1120 

-ilillU- 

10.007] 


12.9711 

-,_2-L.5-177_ 

1.112* 

JWUttS__ 

9.1071 


LEAVES 

99 

ii- . 

1 

7.5441 

28.8311 

7.5441 

7«JLT11_ 

SHCOT 

14 

1 

4.1C24 

4.1014 

rmrai 

■  Wi 

-AxJUi 

0x7*12 

rn 

Ui 

2.9100 

2.4100 

luma 

■tram 

ran 

_ 9.7900 

_ Jxliss. 

1909.977  1.149*01 

nn.zsi  i,i9*«oi 

290.000  2.919*00 

11*1x170  1JIH1 
11*0.921  l.ltltOl 
1110.017  9.999*00 


1097. 200 

_im»pu 


1.0*1*01 

ixiaiiiL 


*.0100 

.AxlOSfl- 


*.7000 
4*1*00 _ 


o.oioo 

l.l*9S_ 

0.7000 

*.1000 


20.00*  I. *29-01 

_ tl.U*  5.119-51 

19.001  1.109-01 

_ mu  uni-u.. 


*7.990  0.101-01 

130x144 — IxiMraflX. . 
20.199  2.279-01 

99.5H  5.179-01  _ 
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TASK  A-310 


HUMS*  KANT  (DAYS  I  HANTS  |( 


COUNT  INS  skecieic 


NT)  UMNSI  (O/t/ONI 


3 1002  SMOOT  SA 


|TTT!JBn3TTTWCJ 
fTr*r^B,*TTB 


JIOOA  LEAVES  AE 


310)0  STALK  TO 


31012  HEAD  00 


31014  LEAVES  «« 


31010  STALK  40 


2.4303 


1.1000 


EHII^iniBK3IHEHIK31IZ9ME 

ITTTTHTnrMVniVfalBriiKTVB' 


0.1112 


0.OST2 


1.1324 


e.iTiT 


n 

■rmi 

K7T1 

rWTTTl 


213.400 


113.012 


04. 104 


340.143 


232.310 


103.102 


204.030 


3.420400 


1.340400 


1.Q0040C 


4.110400 


2.140400 


ilt  :i  r  i 

"MU 

aim-] 

mISlI 

mm 


31010  GKAIN 

44 

20.0000 

43.410  3.340-01 

TAOLf  A-311 

31102  SHOOT  30 


31104  LEAVES  44 


31100  HEAD  03 


31100  LEAVES  43 


31110  STALK  10 


31112  HEAO  44 


31114  LEAVES 


31110  STALK  44 


0.1140 


0.1320 


0.0433 


2.1130 


1.1409 


1.3144 


0.4340 


0.4011 


10.0100 


0.3004 


113.301 


11.310 


400.029 


203.344 


64.141 


274.141 


3.030400 


1.340400 


0.444-01 


4.021400 


2.420400 


4. 110-01 


1.030400 


31110 

GKAIN  44 

20.0000  43.404  3.190-01 

TAI(  A- 312 


1120]  WOOT  16 


271.092  1. 221*00 


Hi  if  'I  I 


11204  LEAVES  44 


LlfHH.1 1 ' 11 


11104  HEAD  49 


»  IrHBMi f  i n  { 


31201  LEAVES  49 


I  *  M  ' 


11210  STALK  71 


i  IM  I  Hi  1  -f  l  I  *  1 


Hill  HEAD  44 


If  'f  I 


11214  LEAVES  44 


11214  STALK  44 


Mfii^HVTvrn 


11214  CHAIN  44 


F*rn»i 

rrm 

rTTrl 

rmi 

fWTfTI 

mm 

n 

mm 

■-Mil 

[TTTj 

rrm 

rnlU-l 


ru-vi 

m 

ft 

m 

p 

m 


1Q.I4T2 


20.0000 

20. 000 


EJTTfl 

■TwTy 

BBS 


129.444  1.4SE*00 


92.109  4.I44-0I 


f  mil 


iVIVlTOl 


rl  CM*] 

mm 

TTTTTi 

mm 

vCtt  STT 

jnm 

TttTTi 


4.994-01 


M  7  CM* 


144. 74C  1.714*00 


121.179  1.424*00 


12.441 

2  1.4  4  7 


1.444-01 

2.  6  3  >0  1 


TA4LE  A-lll 


_ _ ELAM.  MfJiKt-SUIlEAfi.7 1„.  VME4T . 


'1-1  I 


lUBlQhUCmU  ..  in-  13 _ . 


NUMBER  KART  I0AVS1  HANTS  (CN/RLANTI 


OATl.RUMHU-lll. 


COUNTING  SRECIF1C 
DRV  WEIGHT  ACTIVITY 
( GRAMS  1  (O/S/GMI 


11306 

LEAVES 

69 

10 

0.0933 

0.9132 

210.172  2.644*00 

11109 

HEAD 

_ 11 _ 

_ 10 

_ UU1 

-2.4144— 

- 34.59?  *.244-01 

31310 

STALK 

74 

10 

0.1126 

1.1297 

129.471  1.934*00 

_1U1L 

-LEAVES- 

-71 _ 

_ 15 _ 

_ 0.0326 

5.1259 _ 

201.92*  2.344*00 

31312 

HEAD 

99 

43 

0.096* 

4.4610 

44.140  9.9*4-01 

SMOOT  14 

STALK _ AS_ 

LEAVES  44 


HEAD  49 


0.0479 
Qtia.Y? 
C. 1204 
0.0411 
0.1442 


1.1706 

0.9740 

1.2074 

-9.0756- 

1.6420 


211.173  2.900*00 

224.444  2.144*99 

49.277  1.124*00 

91.112  4.048-01 

14.309  4.094-01 


i  inmnrf  B'li 


LEAVES  44 
HEAD  44 
STALK  44 
■LEAVES _ 95- 

GRAIN  44 


0.0142 

0.0423 

0.0630 

0.0230 


0.1123 

1.1129 

0.6247 

O.HOJ- 

20.0000 


136.909  1.424*00 

12.4*3  4.744-01 

149.9*4  1.724*00 

30.443  3.694-01 
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} 

j 


.JieMdt  ..UHUIUtt  .TCMIB _ 


«ti«ucLioti  ..»*•  s»  . .  p*«  puntipi  its 


iuim_stikJtimiT_ifi/i/6«iL _ i4ju _ ..... _ .mu .muter  ttj 


NUHAf A  COUNTING  JPtCIFIC 

.  JUMJLLJtUHl  JUt  .Of  .am.  Uliffi  CRT  MtlfiHT — IV  ITT  ASU 
MmlP  PAAT  I  CATS  I  PLANTS  I GN/PIANT  I  IGAANJI  I D/ S/CM  t 
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TABLE  A-3H 


MJH1ER  COUNTING  SPECIFIC 
smtu  PLANT  ACE  at  CRT  hticm  MY  HEIGHT  ACTIVITY 
NUMBER  PART  (DATS I  PLANTS  IGN/PLANTI  (GRANS)  ID/S/6M) 


3 1702  STEM  22 

31704  STEM  16 

_ U11U _ LEAVES _ 11 _ 

3ITC6  STEM  61 


1IT0R  LEAVES  61 

_ 1UQ1 _ JLLEN _ 13 _ 

31710  FLGKER  61 

31712  STEM  Tt  ~ 


31716  LEAVES  16 

■  Ull! _ SIEK _ 19 _ 

31716  FRUIT  11 


3'.71i  PEAT  112 


31720  FRUIT  112 

—1AI2_L _ KMLL1  LU. _ 

11722  FRUIT  112 


2.7211 

23.2375 

27.6110 


21.76GR 
.  11.1133 — 
3.1163 
_JA.4i.il_ 

61.1163 


11.0101 


16.1110 


2601.111  3.011*01 

A73.3A0 _ l.oi«*ol 

6016.061  6.761*01 

1606.  CAA  1.661*01 
163.060  6.671*00 
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DETACHABLE  SUMMARY 

This  report  describes  the  results  of  experiments  conducted  for  the 
purposes  of  evaluating  the  uptake  of  selected  fission  product  radio¬ 
nuclides  through  their  root  systems,  and  for  evaluating  the  dependence 
of  the  contamination  factors  on  such  parameters  as  plant  type,  soil  type, 
plant  age,  soil  nutrients,  and  fallout  solubility.  It  was  also  necessary 
to  correlate  the  measured  plant  uptake  contamination  factors  with  soil 
characteristics  for  subsequent  application  in  mathematical  root  uptake 
contamination  models. 

The  approach  taken  followed  earlier  work  in  which  plants  were  grown 
in  large  containers  under  conditions  designed  to  reproduce,  as  closely  as 
possible,  the  growth  of  food  crops  under  actual  field  conditions.  In 
addition,  during  the  current  work,  a  limited  number  of  field  tests  were 
conducted  to  test  the  hypothesis  that  the  large  containers  used  provided 
a  realistic  simulation  of  an  actual  environment.  Primary  consideration 
was  given  to  the  study  of  radio strontium  with  crops  also  grown  in  Cs-137, 
Ru-106  and  Ce-144  soil  containers  which  were  available  from  previous 
experiments.  The  farmland  plots  were  contaminated  only  with  radiostrontium. 
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Additional  soils  representing  widely  distributed  California  agricultural 
soils.  The  crops  studied  were  wheat,  tomatoes,  corn  and  potatoes. 

Sampling  started  as  soon  as  the  plants  sprouted  and  continued  at 

frequent  intervals  depending  on  growth  characteristics  of  the  plant. 

Plant  uptake  contamination  factors  (a_..)  were  calculated  for  each  of  the 

SU 

samples  harvested.  Comparisons  of  the  uptake  for  various  plant  part-soll- 
radionuclide  combinations  at  crop  maturity  showed  that  the  ag^  values  for 
Sr-85  were  the  largest  in  all  instances, usually  by  an  order  of  magnitude. 

The  a  values  for  Cs-137,  Ru-106,  and  Ce-144  showed  no  consistent  pattern 
and  were  distributed  randomly  high  and  low  among  the  plant  part-soil  com¬ 
binations.  The  a  values  for  the  edible  portion  of  each  plant  were 
SU 

lowest  in  every  case,  and  usually  the  leafy  portion  of  the  plants  had  the 

largest  a  value.  These  general  observations  support  and  extend  the 
SU 

results  of  previous  experiments. 

Only  limited  data  were  available  for  evaluating  the  effects  of  avail¬ 
able  calcium  on  radionuclide  uptake  but,  taken  with  the  results  of  previous 
work,  supported  the  postulated  decrease  in  uptake  in  a  manner  approximately 
inversely  proportional  to  the  exchangeable  calcium  concentration  in  the 
soil.  These  results  again  emphasized  the  generally  lower  uptake  values 
observed  in  the  work  as  compared  to  literature  values.  The  lower  values 
in  these  experiments  have  been  attributed  to  the  growing  of  crops  in  large 
containers,  as  opposed  to  values  based  on  literature  data  which  are  reported 
for  experiments  using  small  pot  containers.  The  large  soil  containers 
allowed  the  plant  root  systems  to  develop  in  a  manner  closer  to  field 
conditions. 

To  test  this  assumption  further  some  field  studies  were  conducted  in 
which  crops  were  grown  on  small  test  plots  at  two  different  field  locations. 
The  data  were  not  extensive  enough  to  confirm  the  validity  of  the  large 
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container  approach  but  were  In  sufficiently  good  agreement  to  support  the 

continuing  application  of  the  large  container  data  to  estimations  of 

postattack  food  contamination  levels.  As  part  of  the  field  studies,  a 

limited  number  of  additional  experiments  were  conducted  to  compare 

measured  a  values  for  various  methods  of  mixing  the  contaminant  with 

su 

the  soil  and  also  to  compare  the  results  obtained  by  applying  the  con¬ 
taminant  in  normal  particle  form  and  also  as  a  solution.  In  all  cases 
no  significant  differences  were  found. 

By  far  the  largest  changes  in  a  values  were  produced  when  the 

SU 

availability  of  the  radionuclides  for  uptake  was  reduced  by  thermal  pre¬ 
treatment  of  the  fallout  simulant.  The  results  verified  the  previous 

reductions  in  a  values  for  wheat  by  as  much  as  a  factor  of  10.  In  the 
SU 

present  work  the  observations  were  extended  to  include  the  three  additional 

cropt:  of  tomatoes,  corn  and  potatoes  and  similar  reductions  in  a  values 

SU 

were  found. 
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The  uptake  of  four  radionuclides  (Sr-85,  Ru-106,  Cs-137,  and  Ce-144)  was  measured 
for  four  plants  (wheat,  tomatoes,  corn  and  potatoes)  grown  in  four  different  soil 
types  (sandy  loam,  sandy  clay  loam,  silty  clay  and  clay).  Plants  were  grown  in 
large  soil  containers  that  allowed  most  of  the  root  system  to  develop  under  normal 
field  conditions.  Plant  uptake  contamination  factors  (a  )  were  calculated  for 

su 

each  sample  harvested.  Comparisons  of  the  uptake  for  various  plant  part-soil- 

radionuclide  combinations  at  crop  maturity  showed  that  the  ag^  values  for  Sr-85 

were  the  largest  in  all  instances,  usually  by  an  order  of  magnitude.  The  ag^ 

values  for  the  edible  portion  of  each  plant  were  lowest  in  every  case,  and  usually 

the  leafy  portions  of  the  plants  had  the  largest  a  value. 

SU 

Additional  experiments  included  measurements  of  changes  in  radionuclide  uptake 
caused  by  available  calcium  levels,  growing  crops  in  large  fields,  and  contaminant 
form  and  solubility. 
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